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1-AMI0INOPHENYL-PYRR0LID0NES PIPERIOINONES AZETINONES AS PLATELET AGGREGATION 
INHIBITORS 

Field of the Invention 
The present invention relates to pharmaceutical 
agents (compounds) which inhibit platelet aggregation 
in mammals. 

Background of the Invention 
Fibrinogen is a glycoprotein present as a normal 
component of blood plasma. It participates in platelet 
aggregation and fibrin formation in the blood clotting 
mechanism. 

Platelets are cellular elements found in whole 
blood which also participate in blood coagulation. 
Fibrinogen binding to platelets is important to normal 
platelet function in the blood coagulation mechanism. 
When a blood vessel receives an injury, the platelets 
binding to fibrinogen will initiate aggregation and 
form a thrombus. Interaction of fibrinogen with 
platelets occurs through a membrane glycoprotein 
complex, known as GP lib/ Ilia; this is an important 
feature of the platelet function. Inhibitors of this 
interaction are useful in modulating platelet thrombus 
formation. 

It is also known that another large glycoprotein 
named fibronectin, which is a major extracellular 
matrix protein, interacts with platelets. Various 
relatively large polypeptide fragments in the cell- 
binding domain of fibronectin have been found to have 
cell-attachment activity. See US Patents 4,517,686; 
4,589,881; and 4,661,111. Certain relatively short 
peptide frag^antc fron the same molecule were found to 
promote cell attachment to a substrate when immobilized 
on the substrate or to inhibit attachment when in a 
solubiliz d or suspended form. See U.S. Patents 

4,578,079 and 4,614,517. 
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In U.S. Pat nt 4,683,291, inhibition of platel t 
function is disclosed with synthetic peptides designed 
to be high affinity antagonists of fibrinogen binding 
to platelets. U.S. Patent 4,857,508 discloses 
tetrapeptides having utility as inhibitors of platelet 
aggregation. 

Other synthetic peptides and their use as 
inhibitors of fibrinogen binding to platelets are 
disclosed by Koczeviak et al., Biochem. 23 , 1767-1774 

(1984) ; Plow et al., Proc. Watl. Acad. Sci. 12, 8057- 
8061 (1985); Ruggeri et al., Ibid. 83, 5708-5712 
(1986); Ginsberg et al., J. Biol. Chem. (7), 3931- 
3936 (1985); Haverstick et al., Blood 66 (4), 946-952 

(1985) ; and Ruoslahti and Pierschbacher, Science 238, 
491-497 (1987). Still other such inhibitory peptides 
are disclosed in European Patent Applications 275,748 
and 298,820. 

European Patent Application 512,831 discloses 
piperidinylalkylazacycloalkanones which inhibit the 
binding of fibrinogen to blood platelets and therefore 
are useful for inhibiting the aggregation of blood 
platelets. 

European Patent Application 503,548 discloses 
cyclic urea derivatives (imidazolones and triazolones) 
useful in inhibiting cellular interactions thereby 
useful for treating or preventing, thrombosis, 
embolisms and metastases. 

European Patent Application 496,378 discloses 
amidinobiphenyl compounds which inhibit cell-cell and 
cell-matrix interaction and are thus useful for 
treating thrombosis, cerebrovascular diseases, 
pulmonary embolisms, myocardial infarction, 
arteriosclerosis, osteoporosis and tumour metastases. 

European Patent Applicati n 445,796 discloses 
acetic acid derivatives which have inhibitory action on 
the bonding of adhesive proteins to bl od platelets as 
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veil as on blood plat let aggregation and cell-cell 
adhesion* 

European Patent Application 372,486 discloses N- 
acyl beta amino acid derivatives and their salts. Said 
compounds are useful for inhibiting platelet 
aggregation in the treatment of thrombosis, stroke, 
myocardial infarction, inflammation and 
arteriosclerosis, and for inhibiting metastasis. 

i 

European Patent Application 381,033 discloses 
amidino or guanidinoaryl substituted alkanoic acid 
derivatives useful for the treatment of thrombosis, 
apoplexy, cardiac infarction, inflammation, 
arteriosclerosis and tumors* 

U.S. Serial Nos. 07/847,260; 07/777,811; and 
07/777,875 disclose amidinobenzenaminosuccinyl acid 
derivatives useful as platelet aggregation inhibitors. 

U.S. Serial No. 07/904,237 discloses phenylamidine 
alkanoic acids and lactones useful as platelet 
aggregation inhibitors. 

RxntmayY ff f the Invention 

The present invention relates to a class of 
compounds represented by the formula: 




or a pharmaceutically acceptable salt thereof, wherein 

Z, and Z 2 are independently selected from the group 
consisting of hydrogen, alkyl of l to 6 carbon atoms, 
hydroxy, halo and alkoxy of 1 to 6 carbon atoms; 
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Rj is selected fr m the group consisting of 
hydrogen, lower alkyl of 1 to 6 carbon atoms, lover 
alkenyl of 2 to 6 carbon atoms, low r alkynyl of 2 to 6 
carbon atoms, alkyloxycarbonyloxyalkyl, alicyclic 
hydrocarbon radicals and aromatic hydrocarbon radicals 
optionally substituted by hydroxy, lower alkoxy of 1 to 
6 carbon atoms, lower alkyl of 1 to 6 carbon atoms, 
halo, nitro, amino, acyloxy, phenyl or naphthyl; 

R 2 is selected from the group consisting of 
hydrogen, lower alkyl of 1 to 6 carbon atoms, lower 
alkenyl of 2 to 6 carbon atoms, lower alkynyl of 2 to 6 
carbon atoms, cycloalkyl, aryl, monocyclic, bicyclic, 
or tricyclic heterocyclic radicals in which are present 
1 to 3 heteroatoms independently selected from oxygen, 
nitrogen, or sulfur, wherein said groups are optionally 
substituted by one or more radicals selected from the 
group consisting of hydroxy, lower alkoxy of 1 to 6 
carbon atoms, lower alkyl of 1 to 6 carbon atoms, halo, 
nitro, cyano, azido, ureido, ureylene, carboxyl, 
carbonyl derivatives, trifluoromethyl, acyloxy, 
alkylthio, arylthio, alkylsulf inyl, arylsulf inyl, 
alkylsulfonyl, arylsulf onyl, amino, alkylamino, 
trialkylsilyl, aminosulfonyl, dialkylamino, 
alkanoylamino, aroylamino, phenyl and naphthyl; 

R 3 is selected from the group consisting of 
hydrogen, alkyl of 1 to 6 carbon atoms, alkoxy of l to 
6 carbon atoms, fluoro, amino, monoalkylamino, 
dialkylamino, acylamino, alkylsulf onylamino, 
arenesulfonylamino, hydroxy 1, alkoxy carbonyl and 
alkoxycarbony lalkyl ; 

X is selected from the group consisting of 
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O O 
j-^NH-| and |-NH-^NH-| ; 

m is an integer from 1 to 4; 

n is an integer from 0 to 4; and 

p is 0 or 1 wherein n and p are not both 0. 

It is another object of the invention to provide 
pharmaceutical compositions comprising compounds of the 
formula I. such compounds and compositions have 
usefulness as modulators and/or inhibitors of platelet 
aggregation. The invention also relates to a method of 
therapeutically inhibiting or modulating platelet 
aggregation in a mammal in need of such treatment. 

DETAILED DESCRIPTTOtt OF THE TNVEMTyo p 

The present invention relates to a class of 
compounds represented by the formula I, described 
above . 

A preferred embodiment of the present invention is 
a compound of the formula I or a pharmaceutical^ 
acceptable salt thereof, wherein 

R, is selected from the group consisting of 
hydrogen or lower alkyl of 1 to 6 carbon atoms; 

Rj is selected from the group consisting of 
hydrogen, lower alkyl of l to 6 carbon atoms, 
lower alJcenyl of 2 to 6 carbon atoms, lower 
alkynyl of 2 to 6 carbon atoms and phenyl all 
optionally substitut d by phenyl or trialkylsilyl; 

Z, and Z; are hydrog n; 
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n is an integer 0 or 1; and 
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m is an int ger 2 or 3. 

Embodiments exemplifying the invention are ths 
following compounds: 

ethyl 3S-[ [ [l-[ 4- (aminoiminomethyl) phenyl ]-2-oxo-3- 
pyrrolidiny 1 ] acetyl ] amino ] -4-pentenoate ; 

3S-[ [ [1- [4- (aminoiminomethyl) phenyl ]-2-oxo-3- 
pyrrol idinyl ] acetyl ] amino] -4-pentenoic 
acid, monohydrochloride; 

ethyl 3S-[ [ [1- [4- (aminoiminomethyl) phenyl ]-2-oxo-3- 
pyrrolidinyl ] acetyl ] amino] -4 -pentenoate , 
enantiomerically enriched isomer A; 

3S-[ [ [1- [4- (aminoiminomethyl) phenyl ]-2-oxo-3- 
pyrrolidinyl ] acetyl ] amino] -4-pentenoic acid, 
monohydrochloride enantiomerically 
enriched isomer A; 

ethyl 3S-[ [ [l-[ 4- (aminoiminomethyl) phenyl] -2 -oxo-3- 
pyrrol idinyl ] acetyl ] amino] -4 -pentenoate, 
enantiomerically enriched isomer B; 

3S- [ [ [ i- [ 4- (aminoiminomethyl) phenyl ] -2-oxo-3- 
pyrrolidinyl ] acetyl] amino] -4-pentenoic acid, 
enantiomerically enriched isomer B; 

ethyl 3- [ [ [ 1- [4- (aminoiminomethyl) phenyl ] -2- 
oxo-3 -pyrrol idinyl ] acetyl ] amino ] propionate ; 

3 "[ [ [l-[4-(aminoimin methyl) phenyl] -2 -oxo-3- 
pyrrolidinyl ] acetyl ] amino ] propionic acid ; 
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thyl 3- [ [ [ 1- [ 4- (aminoiminomethyl) phenyl] -2- 
oxo-3 -pyrrol idinyl ] acetyl ] amino ] butanoat ; 

3 "[ [ [ l-[ 4- (aminoiminomethyl) phenyl ]-2-oxo-3- 
pyrrolidinylj acetyl j amino } butanoic acid; 

ethyl 3 - [ [ [ 1- [ 4- ( aminoiminomethyl ) phenyl ] -2- 
oxo-3-pyrrolidinyl ] acetyl ] amino] - 
3 -pheny lpropionate ; 

3-[ [ [l-[4-(aminoiminomethyl)phenyl]-2-oxo-3- 
pyrrol idinyl ] acetyl ] amino ] -3 - 
pheny lpropionic acid; 

ethyl 3(S)-[[[l-[4-(aminoiminomethyl)phenyl]-2- 
oxo-3 -pyrrol idinyl ] acetyl ] amino] -4-pentynoate ; 

3 (S) - [ [ [ 1- [ 4- (aminoiminomethyl) phenyl ] -2-oxo-3- 
pyrrolidinyl ] acetyl ] amino] -4-pentynoic acid ; 

3 - [ C [ 1- [ 4 - ( aminoiminomethyl ) phenyl ] -2 -oxo-3 - 
pyrrol idinyl] acetyl) amino ]-N-[ (phenylmethoxy) - 
carbonyl]-L-alanine, ethyl ester; 

3-[[[l-[4-( aminoiminomethyl ) phenyl ] -2 - 
oxo-3-pyrrolidinyl ) acetyl ] amino] -N- 
[ (phenylmethoxy) car bony 1 ] -L-alanine ; 

ethyl 3 (S) -[ [ [ [l-[4-(aninoiminomethyl)phenyl]-2-oxo-3- 
pyrr olidiny 1 ] amino ] carbony 1 ] amino ] -4 -pentenoate ; 

3 (S) - [ [ [ [ 1- [4- (aminoiminomethyl) phenyl] -2 -oxo-3 - 
pyrrol idinyl ] amino] carbony 1 ] amino] -4-pentenoic acid ; 

1- [4- (aminoiminomethyl) phenyl ] -/Ss-methy 1-2 -oxo- 
3-pyrrolidinehexanoic acid, monohydrochloride ; 
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ethyl l-[4-(aminoimin methy 1) phenyl ]-0S-methy 1-2- 
oxo-3 -pyrrol idineh xanoat , trif luoroacetate ; 

ethyl 3- [ [ [ 1- [ 4- (amino iminomethyl) phenyl ] -2- 
oxo-3 -piper idinyl ] acetyl ] amino] -5- 
(trimethylsilyl) -4 -pentynoate; 

3-t [ [l-[4-(aminoiminomethyl)phenyl]-2- 
oxo-3 -piper idinyl ] acetyl ] amino] -5- 
(trimethylsilyl)-4-pentynoic acid; 

ethyl 3 - [ [ [ 1- [ 4 - ( aminoiminomethy 1 ) phenyl ] -2 -oxo- 
3 -piper idinyl ] acetyl ] amino ] -4 -pentynoate ; 

3~[ [ [ l-[ 4- ( aminoiminomethy 1) phenyl] -2 -oxo-3- 
piper idinyl] acetyl] amino] -4 -pentynoic acid; 

ethyl 3-[ [ [ l-[ 4- ( aminoiminomethy 1) phenyl] -2 -oxo- 
3 -piper idinyl ] acetyl ] amino] -6,6- 
dimethy 1-4-heptynoate ; 

3-[ [ [1- [4- ( aminoiminomethy 1) phenyl] -2-oxo-3- 
piper idinyl ] acetyl ] amino ] -6 , 6- 
dimethyl-4-heptynoic acid; 

ethyl 3- [ [ [ 1- [ 4- ( aminoiminomethy 1) phenyl ] -2-oxo- 
3 -piper idinyl ] acetyl ] amino ] - 5 -phenyl -4 -pentynoate ; 

3-[ [ [ l-[ 4- ( aminoiminomethy 1) phenyl] -2-oxo-3- 
piper idinyl ] acetyl] amino] -5- 
pheny 1-4 -pentynoic acid; 

ethyl 3-[ [ [ l-[ 4- (aminoiminomethy 1) phenyl ] -2-oxo- 
3 -piper idinyl ] acetyl ] amin ] -butanoate ; 

3"[ [ [l~[4-(aminoiminom thyl) phenyl] -2-oxo-3- 
piper idinyl ] acetyl ] amino ] butanoic acid ; 
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ethyl 3-[ [ [l-[4-(aminoiminom thy 1) phenyl] -2 -oxo- 
3-piperidinyl] ac tyl] amino] -3-phenylpropanoate; 

3-[ [ [ l-[ 4- (aminoiminomethyl) phenyl ] -2-oxo-3- 
piperidinyl] acetyl] amino] -3-phenyiprdpaneic acid; 

ethyl 3 (S)-[ [ [l-[4-(aminoiminomethyl)phenyl]-2-oxo- 
3 -piperidinyl ] acetyl ] amino ] -4 -pentenoate ; 

3 ( s )-[ [ tl*t 4 *"(Minoiminomethyl)phenyl]-2-oxo-3- 
piperidinyl] acetyl] amino] -4 -pentenoic acid ; 

ethyl 3-[ [ [l-[ 4- (aminoiminomethyl) phenyl ]-2-oxo-3- 
pyrrolidiny 1 ] acetyl ] amino] propanoate , trif luoroacetate , 

enantiomerically enriched isomer B; 

3 *"t [ [l-[4-(aminoiminomethyl)phenyl]-2-oxo-3- 
pyrrolidinyl ] acetyl ] amino] propanoic acid , 
trif luoroacetate, enantiomerically enriched isomer B; 

ethyl 3-[ [ [ [1- [4- (aminoiminomethyl) phenyl] -2-oxo-3- 
pyrrol idiny 1 ] amino ] car bony 1 ] amino ] propanoate , 

tr i f luoroacetate ; 

3-[ [ [ [1- [4- (aminoiminomethyl) phenyl J -2-oxo-3- 
pyrrolidinyl ] amino] carbony 1 ] amino] propanoic 

acid , trif luoroacetate ; 

ethyl 3-[ [ [l-[4-(aminoiminomethyl)phenyl]- 

2- oxo-3 -piperidinyl ] acetyl ] amino ] propanoate ; 

3-[ C [ l-[ 4" (amino iminomethyl) phenyl ]-2-oxo- 
3-piperidinyl]acetyl]amino]propanoic acid; 

3- C [ [l-[4-(aminoiminomethyl)phenyl]-2-oxo-3- 
piper idiny 1 ] acetyl] amino] -3- ( 3-thienyl) - 

propanoic acid; 
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ethyl 3 (S)-[ [ [l-[ 4- ( aminoiminomethy 1) phenyl ] - 
2 -oxo-3 -piper idiny 1 ] acetyl ] amino] -3- 
( 3-f urany 1 ) propanoate ; 

3 (S)-[ [ [ l-[ 4 -amino iminomethyi) phenyl j - 
2 -oxo-3 -piper idiny 1 ] acetyl ] amino] -3- 
( 3 -furanyl) propanoic acid; 

ethyl 3 - [ [ [ 1- [ 4 - ( aminoiminomethy 1 ) phenyl ] - 
2 -oxo-3 -piper idiny 1 ] acetyl ] amino ] -3 - 
( 2 -fur any 1 ) propanoate ; 

3 "[ [ [l-[4-(aminoiminomethyl)phenyl]2- 
oxo-3 -piper idiny 1 ] acetyl ] amino] -3- 
(2-furanyl] propanoic acid; 

ethyl 3 - [ [ [ 1- [ 4 - ( aminoiminomethy 1 ) phenyl ] - 
2 -oxo-3 -piper idiny 1 ] acetyl ] amino] -3- 
( 4 -me thoxypheny 1 ) propanoate : 

3"C [ [l-[4-(aminoiminomethyl]phenyl]-2- 
oxo-3 -piper idiny 1 ] acetyl ] amino] -3 - 
( 4 -methoxyphenyl) propanoic acid; 

3(S)-[[[l-[4-( aminoiminomethy 1 ) phenyl ] -2 - 
oxo-3 -piper idiny 1 ] acetyl ] amino ] -4 -pentenoic ; 

ethyl 3(S)-[[[-[4-( aminoiminomethy 1 ) phenyl ] -2 -oxo 
3 -piper idiny 1 ] acetyl ] amino] -4-pentenoate , 
enantiomerically enriched, isomer B; 

3 (S) -[ [ [l-[4-(aminoiminomethyl)phenyl]-2-oxo- 
3 -piper idiny 1 ] acetyl ] amino ] 4 -pentenoic 
enantiomerically enriched, isomer B; 
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ethyl 3 (S)-[ [ [l-[ 4- ( amino ixninomethyl) phenyl] -2-oxo 
3 -piper idinyl ] acetyl ] amino ] -4 -pentynoate , 
enantiomerically enrich d, isomer B; 

3(S)-[[[l-[4-( aminoiminomethy l ) phenyl j -2 -oxo- 
3 -piper idinyl ] acetyl ] amino-4-pentynoic acid , 
enantiomerically enriched, isomer B; 

ethyl 3(S)-[ [ [l-[4-(aminoiminomethyl)phenyl]- 
2-oxo-3-piperidinyl ] acetyl ] amino] butyr ate ; 

3S-[ [ [ 1- [ 4- ( aminoiminomethy 1) phenyl] -2 -oxo-3 - 
piper idinyl ] acetyl ] amino] butyric acid ; 

ethyl 3S-[ [ [ 1-4 -( amino iminomethyl) phenyl ]- 
2 -oxo-3 -piper idinyl ] acetyl ] amino] -3- 

pheny lpropionate ; 

3S-[ [ [l-[ 4- ( aminoiminomethy 1) phenyl ]- 
2 -oxo-3 -piper idinyl ] acetyl ] amino ] -3 - 
phenylpropionic acid; 

ethyl 3- [ [ [ [ 1- [4- ( aminoiminomethy 1) phenyl] - 

2- oxo-3-pyrrolidinyl ] amino] car bony 1 ] - 
amino] propionate trif luoroacetat e • 
Enantiomerically Enriched Isomer A; 

3- [tttl-[4-( aminoiminomethy 1 ) phenyl ] - 
2 -oxo-3 -pyrr olidiny 1 ] amino ] car bony 1 ] - 
amino] propanoic acid trif luoroacetate • 

Enantiomerically Enriched Isomer A; 

ethyl 3-[ [ [ [l-[4 ( aminoiminomethy 1) phenyl ] - 
2 -oxo-3 -pyrrol idinyl ] amino] carbonyl ] - 
amino ]pr pionate trifluoroac tate. 
Enantiom rically Enriched Isom r B; 
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3-[ [ [ [1- [4- (aminoiminomethyl) ph nyl]- 
2 -oxo- 3 -pyrrol idinyl ] amino] carbonyl ] - 
amino] propanoic acid trif luor oacet a t e . 
Enantiomerically Enriched Isomer B; 



ethyl 3 (R) - [ [ [ [ 1- [ 4- (aminoiminomethyl) phenyl ] - 
2-oxo-3 -pyrrol idinyl ] amino] carbonyl ] amino] - 
butanoate trif luoroacetate. 
Enantiomerically Enriched Isomer B; 

3 (R) -[ [ t [I* C 4 " (aminoiminomethyl) phenyl] -2- 
oxo-3 -pyrrol idinyl ] amino ] carbonyl ] amino ] - 
butanoic acid trif luoroacetate. 
Enantiomerically Enriched Isomer B; 

ethyl 3 (S) - [ [ [ [ 1- [ 4- (aminoiminomethyl) phenyl ] - 
2 -oxo- 3 -pyrrol idinyl] amino] carbonyl ] amino] - 
benzenepropanoate trif luoroacetate • 
Enantiomerically Enriched Isomer B; 



3[S)-[[[[l-[4- (aminoiminomethyl) phenyl ] -2 
oxo- 3 -pyrrol idinyl ] amino] carbonyl ] amino] - 
benzenepropanoic acid trif luoroacetate. 
Enantiomerically Enriched Isomer B; 



ethyl 3-[ [ t [l-[ 4- (aminoiminomethyl) phenyl ] - 
2 -oxo-3 -pyrrol idinyl ] amino] carbonyl ] amino] - 
2 (S) - [ [ (phenylmethoxy) carbonyl] amino] - 
pr opanoat e tr i f luoroacetate . 
Enantiomerically Enriched Isomer B; 

p. 

and 



3-[ [ [ [ l-[ 4- (aminoiminomethyl) phenyl] -2- 
oxo- 3 -pyrrol idinyl] amino] carbonyl] amino] 
2 (S) -[ [ (phenylmethoxy) carb nyl ] amino ]- 
propanoic acid trif luoroacetate. 
Enanti merically Enriched Isomer B. 
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As used her in, th term "alkyl" ref rs to a 
straight chain or branch d chain hydrocarbon radical 
having from 1 to 6 carbon atoms. Examples of such 
alkyl radicals are methyl, ethyl, n-propyl, isopropyl, 
n-butyl, isobutyi, sec-butyl, t -butyl, pcntyl, 
neopentyl, hexyl, isohexyl, and the like. 

As used herein, the term "alkoxy" includes 
straight or branched chain oxy containing radicals of 
the formula -OR* wherein R< is an alkyl moiety as 
defined above. Examples of such groups are methoxy , 
ethoxy, n-propoxy, n-butoxy, isobutoxy, t-butoxy, see- 
but oxy, isopropoxy and the like. 

As used herein the terms "halo" or "halogen" refer 
to a chloro (CI), f luoro (F) , bromo (Br) or iodo (I) 
radical . 

As used herein the term "alkenyl" refers to 
unsaturated acyclic hydrocarbon radicals containing at 
least one double bond and 2 to 6 carbon atoms which 
carbon-carbon double bond may have either cis or trans 
geometry within the alkenyl moiety, relative to groups 
substituted on the double bond carbons. Examples of 
such groups are ethenyl, propenyl, butenyl, isobutenyl, 
pentenyl, hexenyl and the like. 

As used herein the term "alkynyl" refers to 
acyclic hydrocarbon radicals containing one or more 
triple bonds and 2 to 6 carbon atoms. Examples of such 
groups are ethynyl, propynyl, butynyl, pentynyl, 
hexynyl and the like. 

As used herein the term "alkoxy car bony 1" having 1 to 6 

O 

carbon atoms refers to the radical U wherein the R 

RO— C— 

represents alkyl having 1 to 6 carbon atoms. 
Illustrative of such groups are methoxvearbonyl , 
ethoxycarbonyl, propanoxycarbonyl , pentanoxycarbonyl 
and th like. 

The term "cycloalkyl" as used herein means a 
saturated cyclic carbon radical c ntaining 3 to 6 
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carbon atoms. Examples of suitable cycloalkyl radicals 
include cyclopropyl, cyclopropenyl , cyclobutyl, 
cyclop ntyl, cyclohexyl, 2-cyclohexen-l-yl, and the 
like. 

The tern "amino", as used herein, denotes a 
radical of the formula -NH 2 . The terms "monoalkylamino" 
or "alkylamino" as used herein are represented by the 
radical -NHR4 wherein is an alkyl group as previously 
described. The term "dialkylamino" as used herein is 
represented by the radical -NF^ wherein and R, are 
the same or different alkyl groups, as defined above. 

The term "trialkylsilyl" embraces a radical 
attached to the nucleus of Formula I through a silicon 
atom and which silicon atom is substituted by three 
terminal alkyl groups which are the same or different, 
as defined above* 

The term "alkylthio" embraces radicals containing 
a linear or branched alkyl group, of one to about six 
carbon atoms attached to a divalent sulfur atom, which 
radical is attached to the nucleus of formula I through 
the sulfur moiety. 

The terms "sulfinyl" and H sulfonyl", whether used 
alone or linked to other terms such as "alkyl", denote 
-SO- and -SO2-, respectively. 

The terms "aryl" and "arene", as used herein 
denote carbocyclic aromatic ring systems composed of 
one or more aromatic rings. Preferred aryl groups are 
those consisting of one, two or three benzene rings. 
The term "aryl 11 embraces aromatic radicals such as 
phenyl, naphthyl and biphenyl. The term "arylthio" as 
used herein denotes an aryl group attached to a 
divalent sulfur atom which is attached to the nucleus 
of formula I through the sulfur atom, exemplified by 
phenylthio. 

As used her in, the term "cyano" is represented by 
a radical of the formula -CN. 
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The t rms "hydroxy" and "hydroxyl" as us d herein 

are synonomous and ar r pr s nted by a radical of th 
formula -OH, 

Th term "nitro" as used herein is represented by 

The term "acyloxy" as used herein is represented 

O 

by a radical of the formula R &—o- wherein R4 is 

alkyl as defined above. 

The term " alky loxycarbonyloxya Iky 1" as used herein 

R 12 O 

denotes a radical of the formula 1 II D wherein 

R 12 is H or alkyl as defined above and R« is alkyl or 
cycloalkyl as defined above. 

The term "acylamino" as used herein is represented 

0 

by a radical of the formula II wherein R 12 is H 

R4 — C— NR 12 — 

or alkyl as defined above and 1^ is alkyl or alkoxy 
optionally substituted by aryl as defined above. 

The terms "alkylsulfonoylamino" and 
"arenesulfonylamino" are denoted radicals of the 
formula R 7 -S0 2 -NR, 2 - wherein R 7 is an alkyl or arene 
radical as defined above and R 12 is H or alkyl as 
defined above. 

The term "alkoxycarbonyloxy" as used herein 
denotes a radical of the formula 1^0-0(0)0- wherein 1^ 
is an alkyl radical as defined above. 

As used herein the term "heterocyclyl" embraces 
monocyclic, fused bicyclic and fused tricyclic ring 
radicals containing from 1 to 3 heteroatoms selected 
from the group consisting of oxygen, nitrogen and 
sulfur. 

The t rms "carboxy" or "carboxyl" denote radicals 
of the formula -C00H. 
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As us d herein the term "carb nyl derivative" is 

O 

repres nted by a radical of th formula II wherein 

C R9 

the carbonyl is attached to the nucleus of formula I 
and Rg represents a radical selected from the group K, 
alkyl, aryl, cycloalkyl, amino, monoalkylamino, and 
dialkylamino as defined above. 

The term H azido N as used herein is represented by 
the radical -N 3 . 

The term "ureido" as used herein is a urea derived 
radical denoted by an (aminocarbonyl) amino radical of 



O 

the formula 



The term "ureylene" as used herein is also a urea 

derived radical and is represented by the formula 
O 

RgNhT^NH- wherein 89 is alk i r1 ' cycloalkyl or aryl. 

As used herein H trif luoromethyl" is represented by 
a radical of the formula -CF 3 . 

The term "alkylsulf inyl" and w arylsulf inyl" are 
represented by a radical of the formula R 13 -SO-, wherein 
R, 3 is an alkyl or aryl radical as defined above. The 
terms "arylsulfonyl", "alkylsulf onyl" and 
"aminosulfonyl" as used herein are denoted by a radical 
of formula R 10 -SO 2 - wherein R l0 is amino, alkyl or aryl as 
defined above. 

As used herein, the term "alkanoylamino" refers to 

O 

a radical of the formula wherein R4 is an 

alkyl radical as defined above. 

The term "aroylamino" is denoted by a radical of 

0 

the formula JLv.u wher in R " is an ar yl radical as 
defined above. 
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The term "composition" as used herein means a 
product which results from the mixing or combining of 
more than one lement or ingredient. 

The term "pharmac utically acceptable carrier", as 
used herein means a pharmaceutical ly —acceptable 
material, composition or vehicle, such as a liquid or 
solid filler, diluent, excipient, solvent or 
encapsulating material, involved in carrying or 
transporting a chemical agent. 

The term "therapeutically effective amount" shall 
mean that amount of drug or pharmaceutical agent that 
will elicit the biological or medical response of a 
tissue, system or animal that is being sought by a 
researcher or clinician. 

The compounds as shown in Formula I can exist in 
various isomeric forms and all such isomeric forms are 
meant to be included. Tautomeric forms are also 
included as well as pharmaceutical ly acceptable salts 
of such isomers and tautomers. 

In the structures and formulas herein, a bond 
drawn across a bond of a ring can be to any available 
atom on the ring. 

The term "pharmaceutical^ acceptable salt" refers 
to a salt prepared by contacting a compound of formula 
(I) with an acid whose anion is generally considered 
suitable for human consumption. Examples of 
pharmacologically acceptable salts include the 
hydrochloride, hydrobromide , hydroiodide, sulfate, 
phosphate, acetate, propionate, lactate, maleate, 
malate, succinate, and tartrate salts. All of the 
pharmacologically acceptable salts may be prepared by 
conventional means. (See Berge et al., J Pharm. sci. . 
66(1), 1-19 (1977) for additional examples of 
ph«n££cauticaiiy ccccpt^blc ££lts • } 

This inv ntion als r lates to a method of 
inhibiting plat 1 t aggregation and more specifically, 
a m thod of treatment involving the administration of 
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comp unds £ Formula I together with pharmaceutical^ 
acceptabl carri rs to achieve such inhibition. 

For th inhibition of platelet aggregati n, 
compounds of the pr sent inv ntion may be administered 
orally, parenteral ly, or by inhalation spray . rectally, 
or topically in dosage unit formulations containing 
conventional pharmaceutical ly acceptable carriers, 
adjuvants and vehicles. The term parenteral as used 
herein includes, for example, subcutaneous, 
intravenous , intramuscular , intrasternal , infusion 
techniques or intraperitonally. 

The compounds of the present invention may be 
administered by any suitable route, preferably in the 
form of a pharmaceutical composition adapted to such a 
route, and in a dose effective for the treatment 
intended. Therapeutically effective doses of the 
compounds of the present invention required to prevent 
or arrest the progress of the medical condition are 
readily ascertained by one of ordinary skill in the 
art. 

Accordingly, the invention provides a class of 
novel pharmaceutical compositions comprising one or 
more compounds of the present invention in association 
with one or more non-toxic, pharmaceutically acceptable 
carriers and/or diluents and/or adjuvants (collectively 
referred to herein as "carrier" materials) and if 
desired other active ingredients. 

The dosage regimen for treating a condition with 
the compounds and/ or compositions of this invention is 
based on a variety of factors, including the type, age, 
weight, sex and medical condition of the patient; the 
severity of the condition; the route of administration; 
and the particular compound employed. Thus the dosage 

regimen may vaijf wiucjij* wwoa^o .■.«=> w«=^» CI «i:c cracr 

fr m about 0.01 mg to about 50 mg per kil gram f body 
w ight per day are useful in the tr atm nt of the 
above-indicated conditions. 
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For oral administration, th pharmaceutical 
c mp sition may be in the form of, for example, a 
tablet, capsul , suspension or liquid. Th 
pharmaceutical composition is preferably made in the 
form of a dosage unit containing a particular amount of 
the active ingredient. These may contain, for example, 
an amount of active ingredient from about 1 to 500 mg, 
preferably from about 25 to 350 mg. A suitable daily 
dose for a mammal may vary widely depending on the 
condition of the patient and other factors. 

The active ingredient may also be administered by 
injection as a composition wherein, for example, 
saline, dextrose or water may be used as a suitable 
carrier. A suitable daily dose would typically be 
about 0.01 to 10 mg/kg body weight injected per day in 
multiple doses depending on the condition being 
treated . 

For administration, the compounds of this 
invention are ordinarily combined with one or more 
adjuvants appropriate to the indicated route of 
administration. The compounds may be admixed with 
lactose, sucrose, starch powder, cellulose esters of 
alkanoic acids, cellulose alkyl esters, talc, stearic 
acid, magnesium stearate, magnesium oxide, sodium and 
calcium salts of phosphoric and sulphuric acids, 
gelatin, acacia, sodium alginate, polyvinylpyrrolidone, 
and/ or polyvinyl alcohol, and tableted or encapsulated 
for convenient administration. Alternatively, the 
compounds may be dissolved in water, polyethylene 
glycol, propylene glycol, ethanol, corn oil, cottonseed 
oil, peanut oil, sesame oil, benzyl alcohol, sodium 
chloride, and/or various buffers. Other adjuvants and 
modes of administration are well and widely known in 
th pharmaceutical art. 

The pharmac utical compositions may be mad up in 
a s lid f rm such as granul s, p wders or suppositories 
or in a liquid form such as solutions, suspensions or 
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emulsions. Th phanaac utical c mpositions may be 
subjected to conv ntional pharmaceutical operations 
such as sterilization and/or may contain conv ntional 
pharmaceutical adjuvants such as preservativ s, 
stabilizers / vetting agents, emulsif iers^ buffers,- etc. 

The platelet aggregation inhibitors of the present 
invention can be prepared by methods analogous to 
solution phase peptide synthesis [see: The Peptides: 
Analysis, Synthesis, Biology (E. Gross and J. 
Meienhofer, eds.)# Vol. 1-5, Academic Press, New York) ] 
combined with standard synthetic methods. Schemes A-H 
which follow are illustrative of methods for preparing 
the compounds of the present invention. 

The general synthetic sequence is outlined in 
Scheme A. The cyano group is converted to the amidine 
via the thioimidate in nearly quantitative yield. The 
thioimidate is formed by first treating the cyano 
compound with hydrogen sulfide (H 2 S) followed by 
alkylation with methyl iodide. Next, treatment of the 
thioimidate with ammonium acetate affords the amidine 
as the salt (HI) . The final compounds for biological 
testing were obtained by purification by reverse phase 
high pressure liquid chromatography [High Performance 
Liquid Chromatography Protein and Peptide Chemistry (F. 
Lottspeich, A. Henscher, K.P. Hupe, eds.) Walter 
DeGruyter , New York , 1981]. 

When X « amide or urea, the corresponding 
benzonitriles of Scheme A can be prepared as 
illustrated in Scheme B. Briefly, acylation of the 
appropriately substituted benzonitrile by reaction with 
an omega bromoalkanoyl chloride in the presence of base 
is followed by lactam formation by treatment with 
sodium hydride. The lactam is then alkylated by 

• _» *- J J n 1 1 %_ J _j ! l_« n J * 1 2 j _ 

(LiHMDS) followed by alkylati n with a tert-butyl omega 
bromoalkanoate. The r sultant alkyl ester is cleav d 
to th alkyl acid by treatment with trif luoroacetic 
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acid (TFA) [The P ptides: Analysis, Synthesis, Biology 
(E. Gross and J. M ienhof r, eds.), Vol. 1-5, Academic 
Press, N w York] ... The benzonitrile derivatives of 
Sch me A wh re X=amide can be prepared by activation of 
the acid for peptide coupling (e.g. N,N'-disuccinimidyl 
carbonate [DSC] ) followed by reaction with the 
appropriately substituted fi-amino ester or acid. The 
benzonitrile derivatives of Scheme A where X = urea can 
be prepared by reacting the alkylacid with 
diphenylphosphoryl azide [(PhO) 2 PON 3 ] [s. Yamada, K. 
Ninomiya and T. Shioiri Tetrahedron Lett. 2343 (1973); 
P.A.S. Smith Org. React. Vol. 3, 337 (1946); J.H. 
Saunders, R.J. Slocombe Chem. Rev. . V. 43, 203 (1948)] 
followed by trapping of the intermediate isocyanate 
with the appropriately substituted free B-aminoester . 
The benzonitrile derivatives of Scheme A where p » 0 
can be prepared as illustrated in Scheme C wherein the 
lactam of Scheme B is alkylated by deprotonation with 
lithium bistrimethylsilylamide followed by reaction 
with the appropriately substituted omega haloalkanoate. 

The beta amino acids can be either purchased or 
prepared from commercially available starting materials 
using known methods as illustrated in Scheme D. The 
racemic beta aryl beta amino acids can be prepared from 
the appropriate aryl aldehyde, malonic acid, and 
ammonium acetate as shown in Scheme D - method 1 
(Johnson and Livak J. Am. Chem. Soc. 299 (1936)]. The 
racemic beta alkyl beta amino acids can be prepared 
from the corresponding a Ik en e and chlorosulfonyl 
isocyanate (CSI) which goes through the beta lactam 
intermediate as shown in Scheme D - method 2 [W.A. 
Szabo Aldrichimica Acta 23 (1977) ; R. Graf Anaew. Chem. 
Internat. Edit. 172 (1968)]. The beta lactam can be 
nnonoH +*n t*hi» o^Hy^ potor by t^r^?!t?*^r*t with anhydrous 
hydrochloric acid in thanol as shown Scheme D. For 
example, 1,3-butadien was reacted with CSI to form the 
corresponding vinyl beta lactam and following 
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subsequent p ning with anhydrous HC1 in ethanol was 
used in example 1. An alternative method to form 
rac mic beta amino esters is shown in Scheme D method 
3. Nucl ophiles can be add d to 4-benzoyloxy-2- 
azetidirione to afford a variety of 3 -substituted beta 
amino esters after treatment with anhydrous HC1 in 
ethanol. For example, 4-benzoyloxy-2-azetidinone can 
be reacted with allyltrimethylsilane under Lewis acid 
catalysis [titanium tetrachloride - K., Prasad et al. 
Vol. 12 Heterocycles 2099 (1982)]. The racemic beta 
amino acids can be resolved using classical methods 
described in the literature [E. Fischer, H. Scheibler, 
R. Groh Ber. 2020 (1910); E. Fischer, H. Scheibler 

Annalen 337 (1911)]. 

Chiral beta amino acids can be prepared using many 
different approaches including the following methods: 
homologation of the alpha amino acids using an Arndt- 
Eistert reaction as shown in Scheme D method 4 [Meier 
and Zeller Ancrew. Chem. Int. Ed. Eng. 32-43 (1975)] 
[M. Rodriguez et al. Tetrahedron Lett. 51S3 (1990); 
W.J. Greenlee J. Med. Chem. 434 (1985) and references 
therein]; through the addition of amines to alpha, beta 
unsaturated esters bearing a chiral auxilliary as shown 
in Scheme D, Method 5 [J. d' Angel o and J. Maddaluno J. 
Am. Chem. Soc. 8112-14 (1986)]; through an 
enantioselective hydrogenation of a dehydroamino acid 
as shown in Scheme D, method 6 [see: Asymmetric 
Synthesis, Vol. 5, (J.D. Morrison, ed.) Academic Press, 
New York, 1985]; through the addition of 
enantiomerically pure amines to alpha, beta unsaturated 
esters as shown in Scheme D, method 7 [see: S.G. Davies 
and O. Ichihara Tetrahedron : Asvmmetrv 183-186 (1991)]. 
A variety of 2-substituted beta amino esters can be 
prepared by uxreaLiny the carix>b^rizylc;cy protected £- 
amino ester with 2.2 equivalents of lithium 
diis pr pylamide (IDA) followed by quenching with an 
electrophile (alkyl halide, aldehyde, azocompound, or 
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a , B-unsatur ated nitro) in th manner of Se bach and 
c workers [V. H. Estermann and D. Seebach, Helvetica 
Chimica Acta, V. 71, 1824, (1988)] as illustrat d in 
Scheme D, method 8. Alternativ ly, quenching of the 
enolate with 2-sulfonyloxaziridine affords cr- 
hydroxyesters (Davis, et al., JOC, (1984) £2/ 3243- 
3244). 

Synthesis of a representative pyrrolidinone 
containing compound is outlined in Scheme E. The 
commercially available aminobenzonitrile (Aldrich) was 
acylated with 4-bromobutyryl chloride to give the amide 
1. Treatment of this product with sodium hydride 
afforded the lactam £. Alky lat ion of the lactam 
(LiHMDS, t -butyl bromoacetate) and hydrolysis of the t- 
butyl ester gave the pyrrol idinoneacetic acid 
derivative ±. The acid was converted to the active 
ester with N,N'-disuccinimidyl carbonate (DSC) and was 
then coupled with a variety of fl-amino acids. In this 
example, ( 3 S) -ethyl 3-amino-4 pentenoate was used to 
give the coupled product £. Transformation of the 
benzonitrile to the benzamidine 6 was accomplished 
using a three step sequence (H 2 S then Mel then NI^OAc) . 
Enzymatic hydrolysis of the ethyl ester with porcine 
liver esterase gave the desired target 2« 

The resolution of the pyrrol idinoneacetic acid 1 
is illustrated in Scheme F and was accomplished by 
crystallization of the a-methyl-benzylamine salts from 
acetonitrile. Twelve recrystallizations were required 
to enrich the diastereomeric pairs to a 91:9 ratio* 
The (+) acid and the (-) acid of £ were each coupled to 
(3S) -ethyl 3 -amine -4 -pentenoate and carried through to 
the final products (e.g. 7a using (+)-!) as previously 
described in Scheme E. 

described in Scheme G. Commercially available a-amino- 
7-butyrolactone hydrobromide (Aldrich) was converted to 
the Boc protected lactone 9 (B CjO, N-methyl- 
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* 

morpholine) . Treatment of this material and 4- 
aminobenzonitrile with 2 equival nts of LiHMDS aff rded 
the hydroxyamide 10. Cyclization of 10 to the lactam 
H (Ph 3 P, Diethylazodicarboxylate (DEAD)) and treatment 
of the crude product with dry HCl/EtOAc gave the cr- 
aminolactam hydrochloride H in good overall yield. A 
one pot synthesis of the urea H from 12 using 
sequentially, triphosgene [H. Eckert and B. Forsten, 
Ancrew. Chem. Int. Ed. Enal. 894-895 (1987)] and EtN(i- 
Pr) 2 then (3S) -ethyl 3-amino-4-pentenoate/EtN(i-Pr) 2 , 
was taken on to the final product 15 according to the 
procedure described in Scheme E. 

Scheme H illustrates the method used to synthesize 
a pyrrol idinone-hexanoic acid derivative. Commercially 
available (S)-(-) -6-citronellol 1£ (Aldrich) was 
converted to the alcohol 12 by protection of the 
alcohol (tert-butyldimethylsilylchloride (TBDMSC1) , 
imidazole) followed by ozonolysis with a borohydride 
workup. Iodide 1ft (I 2 , imidazole, Ph 3 P) was used to 
alkylate the lithium enolate of 1 (LiHMDS) . Cleavage 
of the silyl ether afforded the alcohol 12 as a mixture 
of chiral diastereomers . Jones oxidation gave the acid 
20 which was converted to the final product 21 
according to the procedure described in Scheme E. 

The following examples are provided to illustrate 
the present invention and are not intended to limit the 
scope thereof. Those skilled in the art will readily 
understand that known variations of the conditions and 
processes of the following preparative procedures can 
be used to prepare the compounds of the present 
invention. 
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Scheme C 



1 ) LiN(TMS), 
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(Compounds of the Formula I wherein p = 0) 
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Scheme E 




3 R-t-Bu 

4 R-H 




7R-H 



a 4-bromobutyry1 chloride, Et,N; b NaH; RJHMDS, t- butyl bromoaeetate; **TFA; 
= usC, own 4<5)-vinyi-p-aianine HCi, h,n; f i) H,s, B,n; 2) Mel; 3) NH 4 OAc; 
Sporcine liver esterase. 
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Scheme F 




H2N 6aR-Et 

Za R«H 



'(RH+Hi-nMthylbenzyUmlne, Own HO; b (SH-N»-m«thy1banzyUmlne, 
thin Ha; e DSC, then 3(S)-vtnyH)-alanlna HCI, B,N; d 1)H,S, B,N; 2) Mel; 
3)NK|OAc; 'porcine llvar eateraae. 
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Scheme G 




*Boe 2 O l N-flMthytanorphoHne; b 4-«m!notaraonltrita, UHMD8; c Ph,P, DEAD; 
ddry HCI; •triphosgafw, than 3(3)-vlnyt-MUnbw HO, EINfl-Pr),; 
f 1) 11,8, EtjN; 2) Md; 3) NH«OAe; flperchw HwNtmu. 
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Example 1 



Ethvl 3S-T r f l-r4-famlnoiminomethvlVphenvlT-2-oxo-3- 
pvrrolidinvl 1 acetyl 1 amino 1 -4 -penten ate 

O 



A. Preparation of N-M-cvanophenvl) -4-bro mobutanamide 
To a stirred solution of 4-aminobenzonitrile (12.7 
g, 108 mmol) and triethylamine (13.1 g, 129 nunol) in 
100 mL of CHjClj, cooled in an ice bath under nitrogen, 
was added neat, via syringe 4-bromobutyryl chloride (24 
g, 129 mmol) . The reaction mixture was allowed to warm 
to room temperature. After 2 hours, the mixture was 
diluted with CH 2 C1 2 and washed with IN NaHS0 4/ saturated 
NaCl, dried (MgS0 4 ) and concentrated. Trituration with 
hexane afforded 27.7 g (96%) of product as a pale 
yellow solid used directly in the next reaction :H NMR 
(d«-DMSO) 6 2.14 (m, 2H) , 2.56 (t, J - 7 Hz, 2H) , 3.61 
(t, J - 7 HZ, 2H), 7.75 (d, J - 8Hz, 2H) , 7.81 (d, J - 
8 Hz, 2H) . 

Anal, calc'd. for C„H 1 ,N20Br : C, 49.46; H, 4.15; N, 10.49 
Found: C, 49.73; H, 4.25; N, 10.54 




O 
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B. Preparati on of l-M-cvanophenvl) -2-pvrrolidinone 
T a stirred solution f the product of step A 

(27.7 g, 104 mmol) in 150 mL of THF was added NaH (4.77 
g, 119 mmol) (60% w/w disp rsion on mineral oil) . The 
reaction was stirred at ambient temperature for 3.5 
hours, then diluted with EtOAc and washed with dilute 
HC1. The organic phase was further washed with 
saturated NaCl, dried (MgS0 4 ) and concentrated. The 
solid residue was recrystallized from EtOAc /Et^O 
affording 12.2 g (63%) of product :H NMR (CDC1,) S 2.22 

(m, 2H), 2.66 (m, 2H) , 3.88 (m, 2H) , 7.65 (d, J = 8 Hz, 
2H) , 7.80 (d, J - 8 Hz, 2H) . 

Anal. Calc'd. for C n H 10 N 2 O: C, 70.95; H, 5.41: N, 15.04 
Found: C, 70.72; H, 5.67; N, 15.04. 



C. Preparation of 

t-butvl 1- ( 4-cvanophenvll -2-oxo-3-pvr rolidinvl-3- 
acetate . 

To a stirred solution of the product of step B 
(1.86 g, 10 mmol) in 50 mL dry THF at -75 °C under 
nitrogen was added LiHMDS (1M in THF 10 mL) dropwise 
via syringe. After 15 minutes, 4 mL of dry HMPA was 
added followed by the rapid addition of t-butyl 
bromoacetate (1.95 g, 10 mmol) via syringe. After an 
additional 15 minutes at -75 °C, the reaction mixture 
was poured into dilute HC1 and extracted (2X) with 
EtOAc. The organic fractions were combined, washed 
with water, saturated NaCl, dried (NgS0 4 ) and 
concentrated. The solid residue was triturated with 
hot Et20 then precipitated with diisopropyl ether 
affording 2.1 g (/u%) of pr duct: H imR ( CDCl 3 i " 1.45 
(s, 3H), 1.95 (m, 1H) , 2.50 (m, 2H) , 2.85 (m, 2H) , 3.03 
(m, 1H), 3.83 (m, 2H) , 7.64 (d, J = 8 Hz, 2H) , 7.81 (d, 
J * 8 Hz, 2H) . 
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D. Preparation of 

l-U-cvanophenvll -2-oxo-3-pvrrolid invl-3-acetic acid 

The product of st p C (1.8 g, 6 mmol) was 
dissolved in 20 aL of TFA/KjC (5:1) and stirred at rods 
temperature for 2 hours. The reaction was poured onto 
crushed ice. The precipitate was filtered, washed with 
water and dried affording 1.42 g (97%) of product used 
directly in the next reaction: H NMR (CDC1,) S 1.96 (m, 
1H), 2.48-2.63 (m, 2H) , 2.95 (m, 1H) , 3.07 (m, 1H) , 
3.85 (m, 2H), 7.66 (d, J - 8 Hz, 2H) , 7.80 (d, J » 8 
Hz, 2H). 

E. Preparation of 

f 1- 1 4-cvanophanvl \ -2-oxo-3-pvrrolidi nvl 1 acetyl- ti&\ - 
vinvl-fl-alanine e thvl ester. 

To a stirred solution of the product of step D 
(500 mg, 2.05 mmol) and DMAP (50 mg) in 4 mL of 
DMF/pyridine (1:1) was added N,N'-disuccinimidyl 
carbonate (DSC) (525 mg, 2.05 mmol). After stirring at 
room temperature for 15 minutes, ethyl (3S) -vinyl -fl- 
alanine hydrochloride (368 mg, 2.05 mmol) was added, 
followed by triethylamine (207 mg, 2.05 mmol). After 
an additional 30 minutes of stirring at room 
temperature, the reaction was poured into saturated 
NaHC0 3 and extracted with EtOAc. The organic layer was 
washed with dilute HC1, dried (MgS0 4 ) and concentrated 
affording 760 mg (100%) of product which formed a waxy 
solid on standing: H NMR (CDC1,) S 1.25 (m, 3H) , 1.98 
(m, 1H), 2.93-2.57 (m, 2H) , 2.63 (m, 2H) , 2.81 (m, 1H) , 
3.10 (m, 1H), 3.83 (m, 2H) , 4.14 (q, J « 7 Hz, 2H) , 
4.86 (m, 1H), 5.10-5.27 (m, 2H) , 5.84 (m, 1H) , 7.65 (d, 
J - 8 Hz, 2H), 7.80 (d, J - 8 Hz, 2H) . 
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F. Preparation of 

Ethvl 3S- r f T 1- f 4- ( aminoiminomethvl ) phenyl T-2-oxo-3- 
pyrrol idi nvl 1 acetyl 1 amino! -4-pentenoate 

Hydrogen sulfide was bubbled through a solution of 
the product of step E (756 mg, 2.05 mmol) and 
triethylamine (1.24 g, 12.3 mmol) in 10 mL of pyridine 
at room temperature for 5 minutes. The reaction was 
stoppered and stirred at room temperature overnight. 
The reaction was poured into dilute HC1 and the yellow 
precipitate was filtered, washed with water and dried. 
To the resulting thioamide in acetone (15 mL) was added 
iodomethane (4.36 g, 31 mmol) and the reaction was 
stirred at 65 °C under nitrogen for 35 minutes. Removal 
of the solvent under reduced pressure afforded the 
crude thioimidate hydro iodide. To this yellow residue 
was added anhydrous ammonium acetate (315 mg, 4.1 mmol) 
and MeOH (15 mL) . The mixture was stirred at 65 °C 
under nitrogen for 3.5 hours then concentrated. The 
residue was purified by reverse phase chromatography on 
a Water® C-18 Delta Pak column using a 0.05% 
TFA/water :acetonitrile gradient (95% of 0.05% TFA/water 
: acetonitrile to 60% of 0.05% TFA/water: acetonitrile 
over 30 min) affording 280 mg (27%) of the title 
compound as the TFA salt: 

Anal, calc'd. for C^H^N^Fj • 0 . 3 3 HjO: C, 52.17; H, 5.51; 
N, 11.06. 

Found: C, 52.16; H, 5.36; N, 11.06. 
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Example 2 

3fSWm-r4-f aminoiminomethvl V phenyl 1 -2 -oxo-3- 
pvrrolidinvl 1 acetyl 1 amino 1 -4-pentenoic acid . 

inonohydgechloridc 




NH 

HCI 



To a suspension of the product of step F Example l 
(503 mg, 1.0 mmol) in 15 mL of 0.1 M pH 7.4 phosphate 
buffer and 0.2 mL of acetonitrile was added a 
suspension of porcine liver esterase (0.9 mL) . The 
reaction was stirred at room temperature for 2 days. 
The zwitterion product was filtered, washed with water 
and dried. The white solid was suspended in MeOH and 
2N HCI (0.55 mL) was added. The resulting solution was 
evaporated to dryness and the residue was triturated 
with acetonitrile affording 275 mg (70%) of product as 
the hydrochloride salt: (m.p. 153-156°C) . 

Anal, calc'd. for C IS H 2J N 4 O 4 Cl-l/2H 2 0: C, 53.53; H, 5.99; 
N, 13.87; CI, 8.78. 

Found: C, 53.49; H, 6.05; N, 13.71; CI, 8.63. 
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Ethvl 3S- r f r T4- ( a mino iminomethvH phenyl 1 -2-oxo-3- 
pyrrol idinvl 1 acetyl 1 amino 1 -4 -pent noate . 
enantiomericallv enriched isomer A 



A. Preparation of 

f«Wl>U-cvanophenvH-2>Pvrrolidinone-3-acQtic acid. 
To a solution of the product of example 1, step D 

(970 mg, 3.97 mmol) in hot acetonitrile (100 mL) was 
added (S)-(-)-a-methyl-benzylamine (481 mg, 3.97 mmol). 
After 12 recrystallizations from acetonitrile 320 mg of 
chiral salt was obtained ([a] D 2S »-40.4° Me OH) (m.p. 171- 
174 °C) . The free acid was liberated upon partitioning 
between EtOAc and dilute HC1 ( [cr] D 23 =-34 . 4° , NeOH) (m.p. 
193-194°C). The enantiomeric excess (82% e.e.) was 
determined by chiral HPLC analysis on a chiralpak-OD-R 
column using 30/70 acetonitrile/ 0.05M Na perchlorate, 
2.5 pH (flow rate =0.5 mL/min) • 




NH 
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B. Preparation of 

r 1- r 4-cvanophenvl ) -2-oxo-3-pvrrolidinvl 1 acetyl- ( 3S) - 
vinvl-fi-alanine ethyl ester, enantiomericallv enriched 
isomer A. 

The title compound was prepared from the product 
of step A (240 mg, 0.98 mmol) in a manner similar to 
example 1, step E affording 360 mg (99%) of product. 

Anal, calc'd. for C^fl^V^: C, 65.02; H, 6.28; N, 11.38. 
Found: C, 64.89; H, 6.29; N, 11.36. 

C. Preparation of 

Ethvl 3S-T r ri-r4-faminoiminomethvl)phe nvl1-2-oxo-3- 
pyrrolidinvll acetyl 1 amino! -4-pentanoate . 
enantiomericallv enriched isomer A 

The title compound was prepared from the product 
of step B (350 mg, 0.95 mmol) in a manner similar to 
example 1, step F affording 260 mg (58%) of product as 
the TFA salt following reverse phase chromatography 
[m.p. 232-233°C (dec.)]. 

Anal, calc'd. for C^H^NAFj : C, 52.80; H, 5.44; N, 
11.20. 

Found: c, 52.64; H, 5.54; N, 11.19. 
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Example 4 



3S-T r fl-r 4- (aminoimlnomethvi) phenyl 1-2-OXO-3- 
pvrrolidinvl 1 acetyl 1 amino! -4-pentenoic acid . 
monohvdrochloride . enantiomericallv enriched isomer A. 



The title compound was prepared from the product 
of the previous example (250 mg, 0.50 mmol) in a manner 
similar to example 2 affording 182 mg (92%) of product 
[m.p. 113-115°C (dec.)]. 

Anal, calc'd. for C^K^Cl • 1/2H 2 0: C, 53.53, H, 5.99, 
N, 13.87. 

Found: c, 53.78; H, 6.22; N, 13.47. 



o 




NH 



HCI 
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Example 5 



Ethvl 3S-T T ri-r4-faminoiminomethvl^pheny n-2-oxo-3- 
pvrrolldinvl 1 acetyl 1 amino 1 -4-pentenoate . 
enantiomericallv enriched isomer B 



A. Preparation of f+l-i-U-cvano ohenvH-2- 
pvrrol id inone-3 -acetic acid. 

The title compound was prepared from the product 
of example l, step D (1.93 g, 7.91 mmol) in a manner 
similar to example 2, step A, substituting (R)-(+)-er- 
methylbenzylamine for (S)-(-)-o-methylbenzylamine 
affording 640 mg of chiral salt ([«r] D 25 -+37.3°, MeOH) 
(m.p. 171-174 °C). The free acid was liberated upon 
partitioning between EtOAc and dilute HC1 
([<*]d 25 -+29.3°, MeOH) (m.p. 190-191. 5°C) . The 
enantiomeric excess (82% e.e.) was determined by chiral 
HPLC analysis on a chiralpak: -OD-R column using 30/70 
acetonitrile/0.05M Na per chlorate, 2.5 pH (flow rate = 
0.5 mL/min) . 




F 
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B. Preparation of 

r 1- ( 4-cvanophenvl ) -2-oxo-3-pvrrolidinvn acetvl- 
r3SWinvl-fi-alanine ethvl ester, enantiomericallv 
enriched isomer B 

The title compound was prepared from the product 
of step A (365 mg, 1.50 mmol) in a manner similar to 
example 1, step E affording 450 mg (81%) of product 
after recrystallization from CH 2 Cl 2 /methyl t-butyl ether 
(m.p. 130-131°C) ([o] D 25 »+46.9°, CHC1,) . 
Anal, calc'd. for C^HoNjCV C, 65.02; H, 6.28; N, 11.38. 
Found: c, 65.09; H, 6.31; N, 11.37. 

C. Ethvl 3S-r r f 1-f 4WaminoimlnomethvllPhenvl1-2-o*o- 
3-pvrrol idinvl 1 acetyl 1 amino 1 -4-pentenoate . 
enantiomericallv enriched isomer B 

The title compound was prepared from the product 
of step B (500 mg, 1.22 mmol) in a manner similar to 
example 1, step F affording 310 mg (51%) of product as 
the TFA salt following reverse phase chromatography 
[m.p. 217-218°C (dec.)]. 

Anal, calc'd. for CaH^O^F, : C, 52.80; H, 5.44; N, 
11.20. 

Found: C, 52.55; H, 5.44; N, 11.06. 
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Example 6 

3S-T r r W4Waminoiminomethvl)phenvl1-2-oxo-3- 
pyrrol idinvl 1 acetvll amino! -4 -pentenoic acid, 
enantiomericallv enriched isomer B 



0 




The title compound was prepared from the product 
of example 5, step C (125 mg, 0.25 mmol) in a manner 
similar to example 2 affording 72 mg (73%) of product 
[m.p. 135-137°C (dec.)]. 

Anal, calc'd. for CjjHaM^Cl • 1 . 3 3 HjO: C, 51.62, H, 6.18, 

N, 13.38. 

Found: C, 51.85; H, 5.83; N, 13.67. 
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Ethvl 3-rrri-r4-raminoimin me thvll phenyl! -2 -oxo-3- 
pvrrolidinvl 1 acetyl! amino! propionate 




NH2 



1-T4- r thiocarboxamidol phenyl 1 -2-pvrrolidinone-3-acetic 
acid. 

Hydrogen sulfide was bubbled through a solution of 
the product of example 1, step D (2.25 g, 9.20 mmol) 
and triethylamine (5.57 g, 55.2 mmol) in 12 mL of 
pyridine at room temperature for 5 minutes. The 
reaction was stoppered and stirred at room temperature 
overnight. The solution was poured into dilute HC1 and 
the yellow precipitate was filtered, washed with water 
and dried affording 2.40g (94%) of yellow product used 
directly in the next reaction: H NMR (c^-DMSO) S 1.86 
(m, 1H), 2.34 (m, 1H) , 2.47 (m, 1H) , 2.69 (m, 1H) , 2.97 
(m, 1H), 3.82 (m, 2H) , 7.73 (d, J - 8 Hz, 2H) , 7.98 (d, 
J « 8 Hz, 2H), 9.53 (br. s, 1H) , 9.76 (br. s, 1H) . 

B. Preparation of 

3-r f n-f 4- ( thiocarboxamido) phenyl 1 -2-oxo-3- 
pyrrol idinvl 1 acetyl 1 amino 1 propionic acid 

The title compound was prepared f r m the product 
of st p A (500 mg, 1.8 mmol) in a mann r similar to 
xample 1, st p E, substituting ethyl B-alanine 
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hydr chlorid for thyl (3S) -vinyl-B-alanine 

hydrochl ride affording 440 mg (65%) of product: H NMR 

(dj-DMSO) S 1.19 (t, J = 7 Hz, 3H) , 1.78 (m, 1H) , 2.25 
(m, 2H), 2.46 (t, J - 7 Hz, 2H) , 2.58 (m, 1H) , 2.93 (m, 
1H) . 3.29 (a, 2H), 3.80 (m, 2H) , 4.07 (q, J = 7 Hz, 
2H) , 7.72 (d, J - 8 Hz, 2H) , 7.97 (d, J ■ 8 Hz, 2H) . 

C. Preparation of 

Ethvl 3-r r ri-r4-fam inoiminomethvllphenvl1-2-oxo-3- 
pvrrolidinvl 1 acetyl 1 aminol propionate 

The title compound was prepared from the product 
of step B of this example (400 mg, 1.06 mmol) in a 
manner similar to example 1, step F affording 260 mg 
(52%) of product as the TFA salt following reverse 
phase chromatography :H NMR (d«-DMS0) 6 1.19 (t, J = 7 

Hz, 3H), 1.81 (m, 1H), 2.29 (m, 2H) , 2.46 (t, J = 7 Hz, 
2H) , 2.58 (m, 1H), 2.98 (m, 1H) , 3.28 (m, 2H) , 3.83 (m, 
2H), 4.07 (q, J « 7 Hz, 2H) , 7.87 (d, J - 8 Hz, 2H) , 
7.93 (d, J - 8 Hz, 2H) . 

Anal, calc'd. for CjoH^OjFj • 0.25 H 2 0: C, 50.16; H, 5.37; 

N, 11.70. 

Found: C, 50.02; H, 5.22; N, 11.51. 
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Example 8 

3- r r r l- r 4- ( aminoimin oinathvH phenyl 1 -2-OXO-3- 
pvrrolidinvl 1 acetv l 1 amino 1 propionic acid 



O 




NH2 



The title compound was prepared from the product 
of step C of example 7 (100 mg, 0.21 mmol) in a manner 
similar to example 2 affording 60 mg (64%) of product 
following reverse phase chromatography: H NMR (dj-DMSO) 
6 1.81 (m, 1H), 2.28 (m, 2H), 2.39 (t, J - 7 Hz, 2H) , 
2.58 (m, 1H), 2.96 (m, IK), 3.25 (m, 2H) , 3.83 (m, 2H) , 
7.85 (d, J - 8 HZ, 2H), 7.92 (d, J - 8 Hz, 2H) . 

Anal, calc'd. for C, g H 2 ,N 4 0 6 F3 • 0.25 H 2 0: C, 47.95; H, 4.81; 
N, 12.43. 

Found: C, 47.82; H, 4.84; N, 12.21. 
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Example 9 

Ethvl 3-r r ri-r4-raminoiminomethvl)phen vl1-2-oxo-3- 
pyrrolidinvl 1 ac tyl ] amino 1 butanoate 



0 




A. Preparation of 

EthVl 3-T T n-r4-(thiocarbo*amldo)phenvn -2-oxo-3- 
pvrrolidinvl 1 acetyl 1 amino] butanoate 

The title compound was prepared from the product 
of example 7, step A in a manner similar to example 7, 
step B, substituting 3-methyl-B-alanine ethyl ester 
hydrochloride (260 mg # 1.54 mmol) for B-alanine ethyl 
ester hydrochloride affording 410 mg (75%) of product: 
H NMR (d 6 -DMS0) S 1.09 (m, 3H) , 1.18 (t, J - 7 Hz, 3H) , 
1.78 (m, 1H), 2.15-2.61 (m, 4H) , 2.93 (m, 1H) , 3.80 (m, 
2H), 4.00-4.17 (m, 3H) , 7.72 (d, J - 8 Hz, 2H) , 7.97 
(d, J « 8 Hz, 2H) . 

B. Preparation of 

Ethvl 3- r f f 1- f 4- raminoiminomethvll phen yl 1 -2-gyn-i- 
pvrrolidinvl 1 acetyl 1 amino 1 butanoate 

The title compound was prepared from the product 
of step A of this example (400 mg, 1.03 mmol) in a 

manner similar to eyannln i . ntep F *»ffordiiy 120 "2.™ 

(36%) of product as the TFA salt following reverse 
phase chromatography: H NMR (d^-DMSO) 6 1.09 (m, 3H) , 
1.18 (t, J - 7 Hz, 3H), 1.81 (m, 1H) , 2.20-2.60 (m, 
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4H), 2.96 (m, 1H), 3.83 (m, 2H) , 4.05 (q, J = 7 Hz, 

2H), 4.05 (q, J » 7 Hz, 2H) , 4.10 (m, 1H) , 7.85 (d, J - 
8 Hz, 2H) , 7.92 (d, J = 8 Hz, 2H) . 

Anal, calc'd. for C^H^OjF, : C, 51.64; H, 5.57; N, 
11.47. 

Found: C, 51.67; H, 5.65; N, 11.36. 
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Example 10 

3-r f ri-r4Waminoiminomethvll Phenyl 1-2-oxo- 3 

nyll acetyl 1 amino Ibutanoic acid 




The title compound was prepared from the product 
of step B of example 9 (100 mg, 0.21 mmol) in a manner 
similar to example 2 affording 55 mg (58%) of product 
following reverse phase chromatography: H NMR (d^-DMSO) 
S 1.09 (m, 3H) , 1.72 (m, 1H) , 2.20-2.60 (m, 4H) , 2.96 
(m, 1H), 3.83 (m, 2H), 4.08 (m, 1H) , 7.85 (d, J « 8 Hz, 
2H), 7.92 (d, J - 8 HZ, 2H) . 



Anal, calc'd. for CnHoKA • 1 . 2 TFA*H 2 0: C, 46.49; H, 
5.07; N, 11.18. 

Found: C, 46.75; H, 4.81; N, 10.92. 
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Example xi 



Ethvl 3-r r n-r4-fami noiminomethvllPhenvn-2-oxo-3- 
pvrrol idinvl 1 acetyl 1 amino 1 -3-phenvlpropionate 




NH 2 



A. Preparation of 

Ethvl 3-r r ri-r4-/thiocarboxamido)phenvl1-2-oxo-3- 
pvrrolidinvl 1 acetyl 1 amino! -3-phanvlpropionate 

The title compound was prepared from the product 
of example 7, step A in a manner similar to example 7, 
step B, substituting 3 -phenyl -fi-alanine ethyl ester 
hydrochloride (355 mg, 1.54 mmol) for fi-alanine ethyl 
ester hydrochloride affording 460 mg (73%) of product: 

H NMR (dj-DMSO) S 1.13 (t, J ■ 7 Hz, 3H) , 1.78 (m, 1H) , 
2.15-2.45 (m, 2H), 2.63 (m, 1H) , 2.75 (d, J = 8 Hz, 
2H) , 2.93 (m, 1H), 3.78 (m, 2H) , 4.02 (m, 2H) , 5.24 (m, 
2H), 7.20-7.38 (m, 5H) , 7.72 (d, J » 8 Hz, 2H) , 7.97 
(d, J - 8 Hz, 2H). 

B. Preparation of 

Ethvl 3-r r fl-f 4-faminoiminomethvllPhenvl1-2-oyo-3- 
pvrrolidinvl 1 acetyl 1 aminoT -3-phenvlpropionate 

The title compound was prepared from the pr duct 
of step A of this example (450 mg, 0.99 mm 1) in a 
manner similar to example 1, step F affording 250 mg 
(46%) of product as the TFA salt following reverse 
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phase chromatography: H NMR (dj-DMSO) S 1.13 (t, J = 7 
Hz, 3H), 1.79 (n, 1H) , 2.15-2.40 (m, 2H) , 2.63 (m, 1H) , 
2.66 (d, J = 8 Hz, 2H) , 2.95 (in, 1H) , 3.80 (m, 2H) , 
4.03 (q, J = 7 HZ, 2H) , 5.24 (m, 2H) , 7.20-7.38 (m, 
5H), 7.87 (d, J = 8 Hz, 2H) , 7.90 (d, J ■ 8 Hz, 2H) . 

Anal, calc'd. for CwH^NAFj • 0 . 5 H 2 0: C, 55.81; H, 5.40; 
N, 10.01. 

Found: C, 56.00; H, 5.33; N, 9.97. 
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3-r r ri-r4-raminoiminometh vl)Dhenvn-2-oxQ-3- 
Pvrrolid invllacetvllaminol-3-phenvlpropionic acid 



0 




NH2 



The title compound was prepared from the product 
of step B of example 11 (100 mg, 0.21 mmol) in a manner 
similar to example 2 affording 53 mg (56%) of product 
following reverse phase chromatography: H NMR (400 MHz, 
dj-DMSO) J 1.80 (m, 1H) , 2.15-2.45 (m, 2H) , 2.63 (m, 
1H), 2.68 (d f J - 8 HZ, 2H), 2.95 (m, 1H) , 3.80 (m, 
2H), 5.22 (m, 2H), 7.20-7.38 (m, 5H) , 7.84 (d, J - 8 
Hz, 2H), 7.91 (d, J -8 Hz, 2H) . 

Anal, calc'd. for C^NA • 1 . 3 TFA • H 2 0 : C, 51.41; H, 
4.79; N, 9.75. 

Pound: C, 51.21; H, 4.53; N, 9.49. 
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Example 13 



Ethvl 3fSWm-r4- ( aminoiminomethvl ) phenyl 1 -2-oxo-3 - 
pyrrol idinvl 1 acetyl 1 amino! -4-pentvnoate 



a. Preparation of 

Ethvl 3 fSW r f l-r4-fcvanophenvl) 1-2-oxo-3- 
pvrrolidinvl 1 acetyl 1 amino! -4-pentvnoafca 

The title compound was prepared in a manner 
similar to example 1, step E substituting [(3S)- 
ethynyl]-B-alanine ethyl ester hydrochloride (250 mg, 
1.41 mmol) for [ (3S) -vinyl ]-fl-alanine ethyl ester 
hydrochloride affording 450 mg (87%) of product: H NMR 
(CDClj) S 1.27 (m, 3H), 1.96 (m, 1H) , 2.27 (m, 1H) , 
2.42-2.58 (m, 2H), 2.63-2.85 (m f 3H) , 3.08 (m, 1H) , 
3.83 (m, 2H), 4.18 (m, 2H) , 5.12 (m, 1H) , 7.64 (d, J = 
8 Hz, 2H), 7.80 (d, J = 8 Hz, 2H) . 

Anal, calc'd. for C^NjC^: C, 65.38; H, 5.76; N, 11.41. 
Found: C, 65.13; H, 6.15; N, 11.34. 




OH 
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B. Preparation of 

Ethvl 3 ( S ) - f f r 1- r 4- f aminoiminomethvl ) Phenyl 1 -2 -oxo-3- 
pvrrolidinvl 1 acetyl 1 amino! -4-pentvnoate 

The title compound was prepared from the product 
of step A (135 mg, 0.40 mmol) in a manner similar to 
example 1, step F affording 85 mg (43%) of product as 
the TFA salt following reverse phase chromatography: H 

NMR (d, - DMSO) S 1.18 (m, 3H) , 1.71 (m, 1H) , 2.24-2.38 

(m, 2H), 2.53-2.64 (m, 3H) , 2.98 (m, 1H) , 3.23 (m, 1H) , 

3.83 (m, 2H), 4.05 (m, 2H) , 4.85 (m, 1H) , 7.86 (d, J= 
8 HZ, 2H), 7.93 (d, J - 8 Hz, 2H) . 
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Example 14 



3(SWrn-r4-( amino lminomethvl ) phenyl 1 -2 -oxo-3 - 
pvrrolidinvl 1 acetyl 1 amino! -4-pen tvnoic acid 



The title compound was prepared from the product 
of step B (50 mg, 0.10 mmol) in a manner similar to 
example 2 affording 35 mg (74%) of product following 
reverse phase chromatography: m.p. 200-203° (dec. ) ; H 

NMR (cl«-DMSO) 6 1.71 (m, 1H) , 2.24-2.38 (m, 2H) , 2.53- 
2.64 (m, 3H) , 2.98 (m, 1H) , 3.23 (m, 1H) , 3.83 (m, 2H) , 
4.85 (m, 1H) , 7.86 (d, J = 8 Hz, 2H) , 7.93 (d, J - 8 
Hz, 2H). 

Anal, calc'd. for C2oH 2 ,N 4 0 6 F3 • 1 H 2 0: C, 50.10; H, 4.63; 
N, 11.69. 

Found: C, 50.01; H, 4.53; N, 11.57. 




OH 
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Example 15 

3-f r ri-f 4- /aittinoiminomethvllphenvn -2-oxo»3- 
pvrrolidinvl 1 acetyl 1 anino-N- r ( phenvlmethoxv) carbonvl 1 - 

L-alanine, ethvl ester 




ethvl 3-amino- ( 2S \ - ( phenvlmethoxvc arbonvlaininol - 
propionate hydrochloride. 

To a solution of N..-Z-L-2 , 3-diaminopropionic acid 
(2.00 g, 8.40 mmol) in 30 mL of saturated HCl/EtOH was 
stirred at room temperature overnight. The solvent was 
removed and the residue was triturated with EtjO 
affording 2.4 g (96%) of product: H NMR (CDjOD) S 1.24 

(t, J « 7 HZ, 3H), 3.24 (dd, J « 8.13 Hz, 1H) , 3.45 
(dd, J - 5.13 Hz, 1H), 4.22 (q, J « 8 Hz, 2H) , 4.48 (m, 
1H), 5.14 (s, 2H), 7.28-7.41 (m, 5H) . 

B. Preparation of 

3 { S )- r f r 1- f 4-cvanoohenvl 1 -2-oxo-3 - 

y/rrclidinvl 1 acstv 1 1 °r.ir.? "!->?- r f sheav l-e thgy/* ssrh—y^ •; - 
L-alanine. ethvl ester 

Th title compound was prepared from the product 
of step A (530 mg, 1.76 mm 1) in a manner similar to 
example 1, step E affording 665 mg (85%) of product. H 
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NMR (CDClj) 6 1.28, (t, J = 7 Hz, 3H) , 1.92 (m, 1H) , 

2.45 (m, 2H), 2.68 (m, 2H) , 3.04 (m, 1H) , 3.68 (m, 2H) , 

3.79 (m, 2H) , 4.18 (in, 2H) , 4.43 (m, 1H) , 5.09 (in, 2H) , 

7,35 (a, 5H) .- 7,57 (m ; 2H) . 7.78 (m, 2H) . 

C. Preparation of 

3 ( S 1 - r r r 1- r 4- / aminoiminomethvll phenyl 1 -2-oxo-3- 
pvrrolidinvl 1 acetyl 1 amino! -N- r t phenvlmethoxvl carbonvl 1 - 
L-alanine. ethvl eater 

The title compound was prepared from the product 
of step B of this example (650 mg, 1.32 mmol) in a 
manner similar to example 1, step F affording 400 mg 
(48%) of product as the TFA salt following reverse 
phase chromatography. 

Anal, calc'd. for C M N32N 3 0,F3-1/2H 2 0: C, 53.16; H, 5.26; 
N, 11.07. 

Found: C, 53.12; H, 5.09; N, 10.99. 



WO 94/22820 PCT/US94/03259 

- 60 - 



3-r r r 1-f 4- (aminoiminomethvll phenyl 1 -2-oxo-3- 
pvrrolidinv l I acetyl 1 amino 1 -N- f ( phenvlmethoxv ) carbon vl 1 - 

L-alanine 




NH 




The title compound was prepared from the product 
of step C of example 14 (100 mg, 0.16 mmol) in a manner 
similar to example 2 affording 62 mg (64%) of product 
following reverse phase chromatography H NMR (d«-DMSO) S 
1.88 (m, 1H), 2.30-2.45 (m, 2H) , 2.73 (m, 1H) , 3.03 (m, 
1H), 3.47 (m, 1H), 3.73 (m, 1H) , 3.83 (m, 2H) , 4.38 (m, 
1H), 5.09 (m, 2H) , 7.20-7.39 (m, 5H) , 7.81 (d, J ■ 8 
Hz, 2H), 7.93 (d, J - 8 Hz, 2H) . 

Anal, calc'd. for (^HjjNjOjFj • 1 . 5H 2 0 : C, 50.16; H, 5.02; 
N, 11.20. 

Found: c, 50.18; H, 4.89; N, 10.79. 
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Exampl 17 



Ethvl 3 ( S) - r r r r 1- r 4- f amino iminomethvl) phenyl 1 -2-oxo-3- 



pyrrolidiny 11 amino 1 carbonvl 1 amino 1-4 -oentenoate 



A. Preparation of 

3- T ( 1 . 1-dimethvl ) ethoxvearbonvlamino 1 -tetrahvdrof uran- 
2 -one. 

To a solution of a-amino-7-butyrolactone 
hydrobromide (1.82 g, 10 mmol) in 5 mL of H 2 0 was added 
sequentially, BocjO (in 10 mL of dioxane) and N- 
methylmorpholine (1.01 g, 10 nmol). The reaction was 
stirred at room temperature for 3 hours, acidified with 
2N HC1, diluted with saturated NaCl and extracted with 
EtOAc. The organic layed was dried (MgS0 4 ) and 
concentrated. Trituration of the residue with hexane 
gave 1.85 g (92%) of product (m.p. 113-114. 5°C) . 

Anal.calc'd. for CjNjjNCV C, 53.72; H, 7.51; N, 6.96. 
Found: C, 53.48; H, 7.70; N, 6.85. 

B. Preparation of 

K- 1 4 -cyano^eny 1 . - 4 -hvdrc"/ = 2 = r ,'l . l^dissthvl^ - 
ethoxvearbonvlamino 1 butanamide 

To a solution of the product of st p A (1.52 g, 
7.56 mmol) and aminobenzonitril (892 mg, 7.56 mmol) in 
THF (20 mL) was added LiHMDS (15 mL of a 1M soln. in 



0 
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THF, 15 mmol) and stirred at room temperature for 30 
minutes. The solution was pour d int dilute HC1 and 
extracted (2X) with EtOAc, washed with saturat d NaCl, 
gr^ed masoA and concentrated. Silica gel 
chromatography of the residue (3:1 EtOAc/hexane, then 
EtOAc) afforded 2.45 g (90%) of product: H NMR (CDC1 3 ) S 
1.47 (s, 9H), 1.87 (m, 1H) , 2.16 (m, 1H) , 3.86 (m, 2H) , 
4.54 (m, 1H), 7.61 (d, J - 8 Hz, 2H) , 7.69 (d, J - 8 
Hz, 2H) . 

C. Preparation of 

3-amino-l- M- cvanophenvlt -2-pvrrolidinone 
hydrochloride. 

To a solution of the product of step B (2.36 g, 
7.40 mmol) and triphenylphosphine (2.13 g, 8.14 mmol) 
in dry THF (30 mL) at -40 °C under nitrogen was added 
diethylazodicarboxylate (1.48 g, 8.51 mmol). The ice 
bath was removed and the solution was stirred at 
ambient temperature for 1 hour. The reaction was 
concentrated and redissolved in EtOAc (70 mL) . Dry HC1 
gas was bubbled through the solution for 5 minutes at 
room temperature and the solution stirred for an 
additional 45 minutes. The resulting precipitate was 
filtered, washed with EtOAc and dried affording 1.50 g 
(85%) of product: H NMR (CDCI3/CD3OD) i 2.33 (m, 1H) , 
2.81 (m, 1H), 3.97 (m, 2H), 4.23 (m, 1H) , 7.73 (d, J = 
8 Hz, 2H), 7.86 (d, J = 8 Hz, 2H) . 

Anal.calc'd. for C„H 12 N 3 OC10.33 H 2 0: C, 54.23; H, 5.24; 

N, 17.25. 

Found: C, 54.65; H, 5.19; N, 17.25. 

The product was converted to the free base by 
partitioning between saturated NaHC0 3 and EtOAc, 
concentrated and used directly in the next reaction. 
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D. Preparation of 

r 1- ( 4-cvanophenvl) -2-pyrrolidinone-3-aminocarbonvl 1 - 

To a solution of triphosgene (42 mg, 0.14 mmol) in 
1,2-dichloroethane (1 mL) was added a solution of the 
product of step C (85 mg, 0.42 mmol) and 
diisopropylethylanine (108 mg, 0.84 mmol) in 1,2- 
dichloroethane (2 mL) . After stirring at ambient 
temperature for 30 minutes, solid (3S) -vinyl-fl-alanine 
hydrochloride (76 mg, 0.42 mmol) and neat 
diisopropylethylamine (54 mg, 0.42 mmol) were added 
sequentially. The reaction was stirred at 65°C for 2 
hours, poured into dilute HC1 and extracted with EtOAc. 
The organic fraction was dried (MgSOJ , filtered through 
a bed of silica gel (EtOAc) and concentrated. 
Trituration and filtration of the residue from EtjO gave 
110 mg (70%) of product (m.p. 113-115°C) . 

Anal.calc'd. for Cn^N^: C, 61.61; H, 5.99; N, 15.13. 
Found: C, 61.60; H, 5.62; N, 15.21. 
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E. prf»paT-aiiion of 

Ethvl 3S-rrrri-r4-fa ininoiminomethvl)ph nvl1-2-oxo-3- 
pvrrol idinvl T amino 1 carbonvl 1 amino 1 -4 -pentenoate 

The title compound was prepared from the product 
of step D (440 mg, 1.19 amol) in a manner similar to 
example 1, step F affording 306 mg (59%) of product 
[m.p. 203-205°C (dec. ) ] :'H-NMR (300 MHz, dj-DMSO) 4 1.18 

(t, J = 7 Hz, 3H), 1.96 (m, 1H), 2.35-2.55 (m, 3H) , 

3.80 (m, 2H) , 4.06 (q, J = 7 Hz, 2H) , 4.39-4.56 (m, 

2H), 5.03-5.18 (m, 2H) , 5.84 (m, 1H) , 7.87 (d, J = 8 
Hz, 2H) , 7.92 (d, J - 8 Hz, 2H) . 
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8 



3(SWrrn -f4 - ( amino iminomethvl) phenyl 1 -2-oxo-3- 
pvrrolidinvl 1 amino 1 carbon vl 1 amino! -4-pentenoic acid 



The title compound was prepared from the product 
of example 17, step E (280 ag, 0.56 mmol) in a manner 
similar to example 2 affording 160 mg (72%) of product 
as the HC1 salt [m.p. 185-187°C (dec.)]* 

Anal.calc'd. for CpH^C^C 1*1.1H,0: C, 49.12; H, 5.87; N, 
16.85. 

Found: C, 49.01; H, 5.76; N, 16.41. 



0 




NH2 



HCI 
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l- r 4- faminoiminomet hvl^ phenyl 1 -BS-methv 1-2 -oxo-3 - 
pvrrolidinehexanoic acid, monohvdrochloride. 



A. Preparation of 

T3/S) .7-dimethvloct-6-envloxv1 (1.1- 
dimethvlethvl) (dimethyl) silane. 

Solid TBDNSC1 (5.06 g, 33.65 mmol) was added to a 
stirred solution of (SJ-(-)-B-citronellol (5.0 g, 32 
mmol) [Aldrich, [a] D x ^~5.3° (neat) ] and imidazole (4.60 
g, 67.31 mmol) in 5 mL of DMF. After stirring at room 
temperature overnight, the reaction was diluted with 
water, extracted with hexane, dried (MgS0 4 ) , and 
concentrated affording 9.0 g (104%) of crude product 
used directly in the next reaction. H-NMR (CDC1 3 ) S 

0.06 (S, 6H) , 0.90 (m, 12H) , 1.17 (m, 1H) , 1.31 (m, 
2H) , 1.56 (m, 2H) f 1.61 (s, 3H) , 1.69 (s, 3H) , 1.99 (m, 
2H), 3.65 (m, 2H) , 5.11 (m, 1H) . 

B. Preparation of 

f 6-hvdroxv- r 3 ( S \ -methvlhexvl 1 oxvl ( 1 . 1-dimethvlethvl \ 



Oz ne was bubbled through a solution of the 
product of step A (32 mmol) in 30 mL of CH 2 Cl 2 /MeOH 
(1:1) at -78°C until a blue color persisted then oxygen 
was bubbled through until the blue color dissipated. 




OH 
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The reaction was slowly warmed to room t mperature ov r 
2 hours, p ured into dilute HC1, and extracted with 
EtOAc • The organic phas was washed with wat r, 
saturated NaCl, dried (MgSOJ and concentrated. Silica 
gel chromatography (35% EtOAc/hexane) afforded 530 mg 

(48%) of product: H NMR (CDC1 3 ) 6 0.04 (s, 6H) , 0.89 (m, 
12H), 1.18-1.68 (m, 8H) , 1.77-2.00 (m, 2H) , 2.37 (m, 
1H), 2.63 (m, 1H), 3.64 (m, 2H) , 3.79 (m, 2H) , 7.65 (d, 
J - 8 Hz, 2H), 7.80 (d, J - 8 Hz, 2H) . 

e. preparation of 

1- ( 4-cvanophenvl W7S-methvl-2-oxo-3-pyrrolidinehexanol 

To a solution of the product of step 0 (530 mg, 
1.28 mmol) in THF (5 mL) was added tetrabutylammonium 
fluoride (3.8 mL of a 1M soln. in THF 3.80 mmol). 
After stirring at room temperature for 3 hours, the 
reaction was diluted with EtOAc and washed successively 
with water (2X) , saturated NaCl, dried (MgS0 4 ) and 
concentrated. Silica gel chromatography (CH 3 C1 2 , then 
EtOAc) afforded 310 mg (81%) of product: H NMR (CDC1 3 ) S 
0.92 (d, J- 7 Hz, 3H), 1.18-1.52 (m, 7H) , 1.77-2.00 
(m, 2H), 2.37 (m, 1H) , 2.63 (m, 1H) , 3.68 (m, 2H) , 3.79 
(m, 2H), 7.65 (d, J = 8 Hz, 2H) , 7.80 (d, J - 8 Hz, 
2H) . 

F. Preparation of 

1- f 4-cvanophenvll -flS-methvl-2-oxo-3-pyrrolidin ehexanoic 
acid. 

To a solution of Jones reagent (0.57 mL of a 2.67M 
solution, 1.53 mmol) in 5 mL of acetone was added 
slcvly the product cf step E (300 1 in 2 iL 

f ac tone. Aft r 30 minutes at ambient temperature, 
the reaction was diluted with EtOAc and washed with 
wat r, saturated NaCl, dried (MgS0 4 ) and concentrated 
affording 320 mg (100%) of product: H NMR (CDC1 3 ) S 1.00 
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(d, J = 7 HZ, 3H) , 1.18-1.55 (m, 5H) , 1.77-2.05 (m, 
3H), 2.19 (m, 1H) , 2.32-2.43 (m, 2H) , 2.63 (m, 1H) , 
3.79 (m, 2H), 7.65 (d, J = 8 Hz, 2H) , 7.80 (d, J - 8 
HZ , 2H) . 

G. Preparation of 

1- r 4- f aminoiminomethvl) phenyl 1 -BS-methvl-2-oxo-3- 
pvrrolidinehexanoic acid, monohvdrochloride. 

The title compound was prepared from the product 
of step F (314 mg, 1 mmol) in a manner similar to 
example 1, step F with the following modification to 
the workup. Follow removal of the solvent, the residue 
was treated with 1 mL of water followed by 15 mL of 
acetone and the zwitterionic product which precipitated 
was filtered and washed with acetone (80 mg) . This 
material was converted to the HC1 salt by suspending in 
2mL of MeOH and treating with 0.13 mL of 2N HC1. The 
resulting solution was evaporated and solidified upon 
trituration with acetone affording 50 mg (14%) of 
product [m.p. 103-110°C (dec.)]. 

Anal, calc'd. for ^HmNjOjCI • 0 . 3 3 HjO: C, 57.83; H, 7.19; 
N, 11.24. 

Found: C, 58.07; H, 7.30; N, 10.73. 
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Example 20 

Ethvl l- f 4- f aminoiminomethvl) phenyl 1 -fiS-methvl-2-oxo-3- 
pvrrolidinehexanoate . trif luoroacetate . 




O 



A. Preparation of 

ethvl 1- M-cvanophenvll -flS-mathvl-2 -oxo-3 - 
pvrrolidinehaxanoate . 

To a solution of the product of example 19, step F 
(500 mg, 1.60 mmol) was added CSjCOj (779 mg, 2.39 mmol) 
and ethyl iodide (373 mg, 2.39 mmol) in 3 mL of DMF. 
After stirring at room temperature overnight the 
reaction was diluted with EtOAc and washed with water, 
saturated NaCl, dried (MgS0 4 ) and concentrated affording 
510 mg (93%) of product: H NMR (CDC1 3 ) £0.96 (d, J = 7 
Hz, 3H), 1.27 (m, 4H), 1.33-1.55 (m, 4H) , 1.80-2.05 (m, 
3H), 2.13 (m, 1H), 2.25-2.45 (m, 2H) , 2.62 (m, 1H) , 
3.79 (m, 2H) , 4.1? (q, J ■ 7 Hz, 2H) , 7.65 (d, J - 8 
HZ, 2H), 7.80 (d, J = 8 Hz, 2H) . 

B. Preparation of 

ethvl 1- r 4- 1 aminoiminomethvll phenyl 1 -BS-methvl-2-oxo-3- 
cvrr'C 1 id i r?gh ° v a nn»tp . tr If luoroacetate. 

The title c mpound was prepared from th product 
of step A (510 mg, 1.49 mmol) in a manner similar to 
example 1, step F affording 287 mg (41%) of product as 
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the TFA salt after 
216-218°C (dec.)]. 



reverse phase chr matography [m.p 



Anal, calc'd. for CnH^O^ i C, 55. SO; H, 6,39; N ; 8.87. 
Found: C, 55.89; H, 6.56; N, 8.87. 
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EXAMPLE 21 



Ethvl 3-r T ri-r4-faminoiminomethvl)phenvl1-2-oxo-3-» 

Stvl 1 2!"'' «<"> 1 — 5— ^t-r i mp+hvl si 1 vl \ —4 - 

pentvnoate 



NH 




The title compound was prepared in the manner of 
Example 1 substituting ethyl 3-amino-5- 
trimethylsilylpent-4-ynoate for ethyl-3 (S) -amino-4- 
pentenoate and l-(4-cyanophenyl) -2-piperidone-3 -acetic 
acid for l-(4-cyanophenyl)-2-pyrrolidinone-3-acetic 
acid in step E of Example 1. The l-(4-cyanophenyl) -2- 
piperidone- 3 -acetic acid was prepared in the same 
manner as the l-(4-cyanophenyl)-2-pyrrolidinone-3- 
acetic acid of example 1 by substituting 5-bromovaleryl 
chloride for 4-bromobutyryl chloride in step A of 
example 1. The final product was purified by reverse 
phase HPLC using the conditions of Example 1 to afford 
the title compound. The product was verified by C NMR 
(CD 3 OD) S -1.0, 13.8, 22.7, 26.9, 37.6, 39.2, 40.7, 
39.6, 51.6, 61.1, 70.6, 77.8, 119.0, 127.3, 128.4, 
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Example 22 

3S- f r f 1- r 4 - r aminoiminomethvl ) phenyl 1 -2 -oxo-3- 

r>i r?ori rli nul 1 aroful 1 ami nn 1 — ftrimofhwlci lul \ — A — 

*^ — *~ ^ ~ ~ * * ~* * *~ ■ — ■ — i -- - — 1 — — — — ■ — - 

pentvnoic acid 

0 




The title compound was prepared by treating the 
final product of the previous example with porcine 
liver esterase in the manner of Example 2. The product 
was purified by reverse phase HPLC using the conditions 
of Example 1 to afford the title compound. The product 
was verified by C NMR (CD3OD) 6 -1.6, 22.1, 26.2, 37.0, 
38.5, 40.7, 39.1, 39.8, 51.0, 70.6, 77.8, 119.0, 126.7, 
128.4, 148.5, 166.6, 171.5, 171.6, 173.3. 
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Example 23 

Ethvl 3-r r n^f 4-ranlnQiminQmethvl^phenvn-2-oxo^3- 

piper idinvl 1 acetyl 1 amino.! -4-pentvnoate 




To a THF solution (30 mL) of the final product of 
example 21 (332 mg, 0,772 mmol) was added 2 equivalents 
of tetrabutyl ammonium fluoride (1.544 mmol of a 1M 
solution in THF) at 23 °C under argon. After 1 hour, 
the reaction mixture was concentrated in vacuo and 
purified by reverse phase HPLC as described in example 
1 step F to afford the title compound. The product was 
verified by C NMR (CD 3 OD) S 12.7, 21.7, 26.0, 36.7, 
37.4, 38.7, 39.6, 50.7, 60.2, 70.9, 81.4, 126.1, 126.4, 
128.1, 148.2, 166.8, 169.1, 171.0, 172.9. 
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Example 24 



3-r r f l-r 4- faminoimin omathvl) Phenyl 1-2-OXO-3- 
piperidinyn acetyl iatninoT-4-pentvno.ic acid. 




0 r^OH 



H2N 



The title compound was prepared by treating the 
final product of the previous example with porcine 
liver esterase in the manner of Example 2. The product 
was purified by reverse phase HPLC using the conditions 
of Example 1 to afford the title compound. The product 
was verified by H NMR (CD 3 OD) 6 1.63-1.94 (m, 2-013), 
2.48-2.78 (m, 2-CHj) , 3.52-3.71 (m, CH 2 ) , 4.76-4.94 (m, 
CHN) , 7.42-7.72 (m, PhH) . 



Anal, calc'd. for C^^H^ plus 1.3 CF,COjH-1.4 H 2 0: C, 

47.70; H, 4.84; N, 10.30. 

Found: C, 47.56; H, 4.53; N, 10.42. 



WO 94/22820 



PCI7US94/03259 



76 - 



Fv ample 25 



Ethvl 3-r r ri-r4Waminoiinin omethvl)phenvll-2-oxo-3- 

pjperidinvi i acetyl 1 am ino 1 -6 . 6-dimethvl-4-heptvnoate 

0 



The title compound was prepared in the manner of 
Example 1 substituting ethyl 3-amino-6,6-dimethyl-4- 
heptynoate for ethyl (S) -3-amino-4-pentenoate. The 
product was purified by reverse phase HPLC using the 
conditions of Example 1 to afford the title compound. 
The product was verified by C NMR (CD 3 OD) S 12.4, 21.2, 

25.4, 29.1, 36.3, 37.3, 38.3, 39.9, 50.2, 59.6, 75.6, 
91.3, 125.3, 125.9, 127.6, 128.2, 166.7, 168.9, 171.6, 
172.8. 




NH 
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Exampl 26 



3-r r ri-r4Waminoiminomethvl)phenvl1-2- xo-3- 
pjperidinvl 1 acetyl 1 amino! «6 . 6-dimethvl-4-heptvnoic acid 

0 



The title compound was prepared by treating the 
final product of the previous example with porcine 
liver esterase in the manner of Example 2 . The product 
was purified by reverse phase HPLC using the conditions 
of Example 1 to afford the title compound. The product 
was verified by C NMR (CD 3 OD) 6 20.7, 24.8, 28.6, 36.6, 
37.6, 37.7, 39.1, 49.7, 75.6, 91.3, 125.1, 125.7, 
127.4, 146.7, 166.7, 168.9, 171.6, 172.8. 




NH 
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Example 27 



Ethvl 3- r r r l- r 4- f ami noiminomethvl ) phenyl 1 -2-OXO-3- 
pjperidinv ll acetyl 1 ami nol-5-phenvl-4-pentvnoate 




The title compound was prepared in the manner of 
Example 1 substituting ethyl 3-amino-5-phenyl-4- 
pentynoate for ethyl (S) -3-amino-4-pentenoate. The 
product was purified by reverse phase HFLC using the 
conditions of Example 1 to afford the title compound. 
The product was verified by C NMR (CD 3 OD) S 13.8, 22.7, 

27.0, 37.7, 39.1, 39.2, 39.7, 39.7, 40.7, 40.8, 51.7, 
61.2, 82.8, 87.7, 223.7, 127.1, 127.3, 127.4, 128.7, 
128.9, 129.0, 131.9, 149.2, 166.8, 170.4, 172.3, 173.9. 

FAB Mass Spectrometry (MH+) = 475. 



Anal. Calcd for C^H^N^ plus 1.2 CF3CO2H: C, 57.76; 

H, 5.14; N, 9.16. 
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Example 28 

3-r r ri-»r4~raminoiminomethvl^phenvn-2-oxo-3~ 
pjperidinvl 1 acetyl 1 amino! -5-phenvl-4-pentvnoic acid . 



o 




NH 



The title compound was prepared by treating the 
final product of the previous example with porcine 
liver esterase in the manner of Example 2. The product 
was purified by reverse phase HPLC using the conditions 
of Example 1 to afford the title compound. The product 
was verified by C NMR (CDjOD) S 21.4, 25.6, 29.8, 34.9, 

50.4, 81.3, 86.6, 121.8, 125.3, 126.0, 127.3, 127.5, 
127.7, 130.6, 148.2, 166.7, 170.9, 171.2, 172.8. 

Anal. Calc'd for C^H^N^ plus 1.0 CFjCOjH: C, 55.36; H, 
5.13; N, 9.56. Found: C, 55.32; H, 4.94; N, 9.49. 
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Example 29 



Ethvl 3-r f ri-f4Waminoiminomethvllphenvl1-2-oxo-3- 
piper idinvl 1 acetyl 1 amino 1 -butanoate 

0 



The title compound was prepared in the manner of 
Example 1 substituting ethyl 3-aminobutanoate for ethyl 
(S)-3-amino-4-pentenoate. The product was purified by 
reverse phase HPLC using the conditions of Example 1 to 
afford the title compound. The product was verified by 

C NMR (CD 3 OD) S 13.8, 19.7, 22.7, 27.0, 38.0, 39.8, 
41.1, 43.1, 51.7, 60.9, 127.1, 127.4, 129.1, 140.5, 
166.8, 170.4, 172.3, 173.9. 

Anal. Calc'd for C^N^NA plus 1 CFjCOjH: C, 52.59; H, 
5.82; N, 11.15. Found: C, 52.38; H, 6.13; N, 11.56. 
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Example 30 



3-r r ri-r4-raminoiminomethvl)phenvl1-2-oxo--3- 
Piper idinvl 1 acetyl 1 amino! -butanoic acid 



H 2 N 




OH 



NH 



The title compound was prepared by treating the 
final product of the previous example with porcine 
liver esterase in the manner of Example 2. The product 
was purified by reverse phase HPLC using the conditions 
of Example 1 to afford the title compound.. The product 
was verified by C NMR (CD,OD) 6 19.2, 22.2, 26.5, 37.4, 

39.2, 40.3, 42.5, 51.2, 126.4, 126.9, 128.6, 140.5, 
166.7, 170.9, 171.2, 172.8. 

Anal. Calc'd for Cufl&fi* Pl us 1 CF3CO2H and 0.5 HjO: 
C, 49.69; H, 5.42; N, 11.59. 
Found: C, 49.46; H, 4.95; N, 11.42. 
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Example 31 

Ethvl 3- r f r 1- f 4- 1 aminoiminomethvll phenyl l -2-qxq-3- 
pjperidinvl 1 acetyl 1 amino 1 -3-phenvlpropanoate 




The title compound was prepared in the manner of 
Example l substituting ethyl 3-amino-3-phenylpropanoate 
for ethyl (S)-3-amino-4-pentenoate. The product was 
purified by reverse phase HPLC using the conditions of 
Example 1 to afford the title compound. The product 
was verified by C NMR (CDjOD) * 12.5, 21.5, 25.8, 36.7, 
38.6, 40.0, 49.7, 50.5, 59.9, 125.4, 125.7, 126.2, 
126.7, 127.7, 127.9, 140.7, 148.0, 166.8, 170.3, 171.2, 
172.4. 

Anal. Calc'd for C^^Oa plus 1 CF,C0 2 H and 0.5 HJO: 

C, 56.54; H, 5.62; N, 9.77 
Found: C, 56.86; H, 5.25; N, 9.92. 
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Example ?3 



Ethvl 3tsw rn-r4-f aminoiminomethvl ) phenyl 1 -2 -oxo- 3 - 
piseridinyll acety 11 amino 1 -4-pentenoate 



The title compound was prepared in the manner of 
example 1 substituting l-(4-cyanophenyl) -2-piperidone- 
3 -acetic acid for l-(4-cyanophenyl)-2-pyrrolidinone-3- 
acetic acid in step E of Example 1. The l-(4- 
cyanophenyl) -2 -piper idone- 3 -acetic acid was prepared in 
the same manner as the l-(4-cyanophenyl)-2- 
pyrrol idinone-3 -acetic acid of example 1 by 
substituting 5-bromovaleryl chloride for 4-bromobutyryl 
chloride in step A of example 1. The final product was 
purified by reverse phase HPLC using the conditions of 
example 1 to afford the title compound. The product 
was verified by H NMR (CD 3 OD, 2 diast.) 6 1.11 
(overlapping t, J - 6 Hz, CH 3 ) , 1.59-1.98 (m, 2 CH 2 ) , 

2.38-2.72 (m, 2-CHa) , 3.52-3.73 (m, CH,) , 3.96 

(overlapping q, J « 6 Hz) , 4.64-4.74 (m, CHN) , 4.95- 

5.14 (m, CH 2 =) . 5.67-5.80 (m, CH) , 7.42 (d, J = 8 Hz, 
PhH), 7.69 (d, J - 8 Hz, PhH), 9.08 and 9.28 (2s, NH) . 




NH 
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Example 34 

3fSWrn-r4-f amino im inomethvl ) Phenv 11-2 -oxo-3 - 
pipsridir.vl 1 acetyl 1 amino! -4-pentenoic acid . 

0 




NH 



The title compound was prepared by treating the 
final product of the previous example with porcine 
liver esterase in the manner of Example 2. The product 
was purified by reverse phase HPLC using the conditions 
of Example 1 to afford the title compound. The product 
was verified by H NMR (CD 3 OD) S 1.59-1.98 (m, 2 CH,) , 
2.28-2.85 (m, 2-CHj), 3.62-3.81 (m, CH 2 ) , 4.59-4.74 (m, 
CHN) , 5.03-5.19 (m, CH,«) . 5.67-5.91 (m, CH) , 7.58 (d, 
J - 8 HZ, PhH) , 7.84 (d, J » 8 Hz, PhH) , 9.08 and 9.28 
(2S, NH). 
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Example 34 A 



Ethvl 3- r r r l- r 4- f aminoiminomethvl ) Phenyl 1 -2-oxo-3- 
pjpsr idinvl 1 acetyl 1 amino 1 propanoate . 
enantiomericallv enriched isomer B 

0 



The title compound was prepared in the manner of 
Example 1 substituting 0-alanine for ethyl 3 (S) -amino- 
4-pentenoate and l-(4-cyanophenyl) -2-piperidone-3- 
acetic acid for l-(4-cyanophenyl) -2 -pyrrol idinone-3- 
acetic acid in step E of Example 1. The l-(4- 
cyanophenyl) -2 -piper idone-3 -acetic acid was prepared in 
the same manner as the l-(4-cyanophenyl) -2- 
pyrrolidinone-3 -acetic acid of Example 1 by 
substituting 5-bromovaleryl chloride for 4-bromobutyryl 
chloride in step A of Example 1. The l-(4- 
cyanophenyl) -2 -piper idone-3 -acetic acid was resolved in 
the same manner as the l-(4-cyanophenyl)-2- 
pyrrolidinone-3-acetic acid in Example 5 and it had the 
following rotation ([a],, 25 = + 42.5°, c 0.521, MeOH) . 
The final product was purified by reverse phase HPLC 
using the conditions of Example 1 to afford the title 
compound ([aJo 25 » + 30.9°, c 0.110, MeOH). The product 
was verified by C KKR (CD 3 CD) J 13.7, 22.7, 26.0, 34.2, 
35.6, 37.8, 39.7, 51.6, 60.9, 126.6, 127.3, 129.0, 
148.6, 172.5, 173.3, 174.2. 

Anal. Calc'd. for C,^^^ plus 1.1 CF 3 C0 2 H and 1.5 H 2 0: 




NH 



Found: 



C, 48.33; H, 5.76; N, 10.63. 
C, 48.50; H, 5.40; N, 10.56. 
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Example 34B 

3-T T f l-r4-faminoimin methvl ) phenyl! -2-o*;n- 
3-Piij6ridin*vl ' acetyl] amino "i propa noic acid . 
enantiomericallv enriched isomer B 




The title compound was prepared by treating the 
final product of the previous example with porcine 
liver esterase in the manner of Example 2. The product 
was purified by reverse phase HPLC using the conditions 
of Example l to afford the title compound ([a],, 25 - + 
35. 1°, c 0.163, MeOH) . The product was verified by c 

NMR (CDjOD) ff 22.6, 26. 9, 33.9, 35.6, 37.8, 39.7, 51.6, 
126.3, 127.3, 129.0, 166.7, 173.3, 173.9, 174.2. 
Anal. Calc'd. for CpHaN^ plus 1.2 CF 3 C0 2 H and 1 HjO: 

C, 46.49; H, 5.07; N, 11.18. 
Found: C, 46.61; H, 4.70; N, 11.16. 
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Example 34C 

3- r r f 1- r 4 - I aminoiminomethvl ) phenyl! -2 - xo-3- 
pjper idi ny l t acetyl 1 amino 1-3-H -thienvl ) propanoic 
acid, enantionericallv enriched isomer B 



0 




NH 



The title compound was prepared in the manner of 
Example 1 substituting ethyl 3 -amino- 3- (3- 
thienyl) propanoic for ethyl-3 (S) -amino-4-pentenoate and 
l-(4-cyanophenyl)-2-piperidone-3-acetic acid for l-(4- 
cyanophenyl) -2-pyrrolidinone-3-acetic acid in step E of 
Example 1. The 1- ( 4 -cyanophenyl) -2 -piper idone-3 -acetic 
acid was prepared in the same manner as the l-(4- 
cyanophenyl) -2 -pyrrol idinone-3 -acetic acid of Example l 
by substituting 5-bromovaleryl chloride for 4- 
bromobutyryl chloride in step A of Example 1. The 1- 
(4-cyanophenyl)-2-piperidone-3-acetic jcid was resolved 
in the same manner as the l-(4-cyanophenyl)-2- 
pyrrolidinone-3-acetic acid in Example 5. The final 
product was purified by reverse phase HPLC using the 
conditions of Example 1 to afford the title compound. 
The product was verified by H NMR (CD 3 OD) S 1.52-1.63 
(m, 2 CHj) , 2.04-2.46 (m, 2-CH,) , 3.14-3.38 (m, CH 2 ) , 
4. 33-5. 03 (=, CIIS), 6.S1-S.S2 {=, 3H, ArK) , 7.05-7.14 
(m, 2H, ArH) , 7.31-7.46 (m, 2H, ArH) . 
Anal. Calc'd for Cj^N^S plus 1.3 CFjCOjH and 1.5 H 2 0: 

C, 46.95; H, 4.72; N, 9.28. 
Found: C, 47.00; H, 4.33; N, 9.49. 
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Example 34D 



PCTAJS94/032S9 



Ethvl 3 fSWr r ri-f4-(aminoimi nomethvl)phenvl1-2-oxo-3- 
piper idinvl T acetyl 1 spinel -3- ( 3 -furanvl ) propanoate - 
enantiomericallv enriched isomer B 



0 




NH 



The title compound was prepared in the manner of 
Example 1 substituting ethyl 3 (S) -amino-3-(3- 
furanyl) propanoate for ethyl-3 (S) -amino- 4-pentenoate 
and 1- ( 4 -cyanophenyl) -2 -piper idone-3 -acetic acid for 1- 
(4-cyanophenyl)-2-pyrrolidinone-3-acetic acid in step E 
of Example 1. The 1- (4-cyanophenyl) -2-piperidone-3- 
acetic acid was prepared in the same manner as the 1- 
( 4 -cyanophenyl) -2 -pyrrolidinone-3-acetic acid of 
Example 1 by substituting 5-bromovaleryl chloride for 
4-bromobutyryl chloride in step A of Example 1. The 1- 
( 4 -cyanophenyl) -2 -piper idone-3 -acetic acid was resolved 
in the same manner as the 1- (4-cyanophenyl) -2- 
pyrrolidinone-3-acetic acid in Example 5. The final 
product was purified by reverse phase HPLC using the 
conditions of Example 1 to afford the title compound 
([cOd 25 " -2.2°, c 0.045, NeOH) • The product was 
verified by C NMR (CD 3 OD) S 12.8, 21.7, 26.1, 37.0, 
38.9, 39.4, 42.2, 6U.2, 108.6, 125.6, 126.4, 128.2, 
139.0, 143.0, 148.2, 166.7, 170.7, 171.6, 173.0. 
Anal. Calcd for C^N^N^ plus 1.2 CF 3 C0 2 H and 1.1 H 2 0: 

C, 51.09; H, 5.30; N, 9.38. 
Found: C, 50.73; H, 4.89; N, 9.12. 
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Example 34E 



PCT/US54/03259 



3tSl-rm -r4 -aminoiminomethvl ) phenyl 1 -2-QXQ-3- 
pjpsridinv 3 1 acetyl 1 aa inel -3- f 3-f uranvl \ propanoic 
acid, enantiome rlcallv enriched isomer 3 




The title compound was prepared by treating the 
final product of the previous example with porcine 
liver esterase in the manner of Example 5. The product 
was purified by reverse phase HPLC using the conditions 
of Example 1 to afford the title compound ([oJo 25 * 
+ 5.1°, c 0.039, MeOH) . The product was verified by C 
NMR (CD3OD) S 22.7, 26.9, 37.8, 39.7, 39.9, 43. 0, 51.6, 
109.4, 126.6, 127.2, 127.3, 129.0, 139.8, 143.7, 149.1, 
166.7, 172.3, 173.2, 173.9. 

Anal. Calcd for C 2l H 24 n 4 0 5 plus 1.2 CFjCOjH and 0.1 HI: 

C, 50.00; H, 4.54; N, 9.97. 
Found: C, 50.26; H, 4.08; N, 9.99. 
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Example 34F 



Ethvl 3-r r ri-r4-ram inQiminoinethvHphenvn-2-oxo-3- 
piperidinyl 1 acetyl 1 amino 1 =3= »'2=f ura-nvlt - 
propanoate, d iastereomers 




NH 



The title compound was prepared in the manner of 
Example 1 substituting ethyl 3 -amino-3 - ( 2 -f urany 1 ) - 
propanoate for ethyl 3 (S)-amino-4-pentenoate and l-(4- 
cyanophenyl) -2 -piper idone- 3 -acetic acid for l-(4- 
cyanophenyl) -2 -pyrrol idinone-3 -acetic acid in step E of 
Example 1. The l-(4-cyanophenyl) -2-piperidone-3 -acetic 
acid was prepared in the same manner as the l-(4- 
cyanophenyl)-2-pyrrolidinone-3-acetic acid of Example l 
by substituting 5-bromovaleryl chloride for 4- 
bromobutyryl chloride in step A of Example 1. The 1- 
(4-cyanophenyl)-2-piperidone-3-acetic acid was resolved 
in the same manner as the 1- (4-cyanophenyl) -2- 
pyrrolidinone-3 -acetic acid in Example 5. The final 
product was purified by reverse phase HPLC using the 
conditions of Example 1 to afford the title compound. 
The product was verified by C NNR (CD3OD) S 12.7, 21.6, 

25.8, 36.8, 37.5, 38.7, 50.6, 60.1, 105.5, 109.5, 
126.1, 126.3, 128.0, 141.5, 148.0, 166.7, 170.1, 171.5, 
172.8. 

Anal. Calcd for C^H^N^ plus 1.0 CF 3 C0 2 H and 0.5 H 2 0: 

C, 53.28; H, 5.37; N, 9.94. 
Found: C, 52.94; H, 4.98; N, 9.85. 
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Example 34G 

3-r r ri-r 4 Waminoiminomethvl) phenyl 12-oxo-3- 
piperidinyl f acetyl 1 amino! -3- ( 2-f uranvl 1 - 
propanoic acid, diastereomers 



O 




NH 



The title compound was prepared by treating the 
final product of the previous example with porcine 
liver esterase in the manner of Example 2. The product 
was purified by reverse phase HPLC using the conditions 
of Example 1 to afford the title compound. The product 
was verified by C NMR (CD 3 OD) S 22.7, 26.9, 37.9, 38.3, 
39. 8, 44.8, 47.8, 51.8, 106.6, 110.6, 127.4, 127.5, 
129.1, 142.6, 149.2, 166.7, 172.6, 173.1, 174.0. 
Anal. Calcd for C^H^N^ plus 1.1 CFjCO^H and 1.0 H 2 0: 

C, 50.13; H, 4.91; N, 10.08. 
Found: C, 49.77; H, 4.60; N, 9.99. 
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PCT/US94/03259 



Ethvi 3-r r ri-r4-f aminoiminoinethvl)phenvn-2-QXo-3- 
rsirseritMnv 1 1 1 ami nni-t- it -mafchoxvphenvl ) propanoate 




NH 



The title compound was prepared in the manner of 
Example 1 substituting ethyl 3-amino-3-(4- 
methoxyphenyl) -propanoate for ethyl (S) -3-amino-4- 
pentenoate. The product was purified by reverse phase 
HPLC using the conditions of Example 1 to afford the 
title compound. The product was verified by C NMR 

(CD3OD) S 13.6, 22.6, 26.9, 37.8, 39.6, 41.1, 50.2, 
51.6, 60.9, 114.1, 126.8, 127.3, 128.0, 129.0, 149.0, 
159.4, 166.7, 171.5, 172.2, 173.8. 

Anal. Calcd for (^H^Oj plus 1.8 CF 3 C0 2 H and 0.5 H 2 0: 

C, 51.17; H, 5.05; N, 8.06. 
Found: C, 51.29; H, 4.68; N, 8.46. 



* 
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Example 341 



3-r f ri-r 4 - faminoiminomathvll Phenyl 1-2-OXO-3- 
pjperidinvl 1 acetvl 1 amino 1 -3- ( 4-me thoxvphenvl ) • 

propanoic acid 




.CH 3 



The title compound was prepared by treating the 
final product of the previous example with porcine 
liver esterase in the manner of Example 2. The product 
was purified by reverse phase HPLC using the conditions 
of Example 1 to afford the title compound. The product 
was verified by C NMR (CD,OD) S 1.57-2.07 (m, 2 CH 2 ) , 

2.54-2.92 (m, 2-CH 2 ) t 3.62-3.83 (m, CH 2 ) , 5.28-5.38 (m, 
CHN), 6.83-6.91 (m f 2H, ArH) , 1 (m, 2H, ArH) , 7.23-7.33 
(m, 2H, ArH), 7.46-7.58 (m, 2H, ArH), 7.78-7.84 (m, 2H, 

ArH) . 

Anal. Calcd for C^H^Oj plus 1.0 CFjCOjH and 1.5 HjO: 

C, 52.61; H, 5.43; N, 9.44. 
Found: C, 52.69; H, 5.02; N, 9.43. 
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Example 34 J 

3 ( S) - T r r 1- r 4- raminolminoinethvH phenyl 1 -2-oxo-T- 
enantiomericallv enriched isomer A 




The title compound was prepared in the manner of 
Example 1 substituting l-(4-cyanophenyl)-2-piperidone- 
3-acetic acid for l-(4-cyanophenyl) -2-pyrrolidinone-3- 
acetic acid in step E of Example 1. The l-(4- 
cyanophenyl) -2 -piper idone-3 -acetic acid was prepared in 
the same manner as the l-(4-cyanophenyl)-2- 
pyrrolidinone-3 -acetic acid of Example 1 by 
substituting 5-bromovaleryl chloride for 4-bromobutyryl 
chloride in step A of Example 1. The l-(4- 
cyanophenyl) -2 -piper idone-3 -acetic acid was resolved in 
the same manner as the l-(4-cyanophenyl) -2- 
pyrrolidinone-3 -acetic acid in Example 5, except ethyl 
acetate was substituted for acetonitrile . The title 
compound was prepared by treating the final product of 
the above step with porcine liver esterase in the 
manner of Example 2. The final product was purified by 
reverse phase HPLC using the conditions of Example l to 
afford the title compound ([a] D M » - 109.8°, c 0.051, 
MsC!!} . The prouuCu was verified by C NHR (CD 3 OD) 6 
21,9, 26.1, 37.1, 38.5, 38.9, 48.0, 50.9, 114.1, 126.6, 
128.2, 136.8, 166.7, 172.1, 172.5, 173.2. 
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Example 34K 



Ethvl 3fSW r r-r4-(aminoiminomethvl)phenvl1-2-oxo-3- 

piper idinvl 1 acetv naming 1j^j^_enteno_ate • 
enantiomericallv enriched isomer B 



The title compound was prepared in the manner of 
Example 1 substituting l-(4-cyanophenyl) -2-piperidone- 
3-acetic acid for l-(4-cyanophenyl)-2-pyrrolidinone-3- 
acetic acid in step E of Example 1. The l-(4- 
cyanophenyl) -2 -piper idone-3 -acetic acid was prepared in 
the same manner as the l-(4-cyanophenyl)-2- 
pyrrolidinone-3 -acetic acid of Example l by 
substituting 5-bromovaleryl chloride for 4-bromobutyryl 
chloride in step A of Example 1. The l-(4- 
cyanophenyl) -2 -piper idone-3 -acetic acid was resolved in 
the same manner as the l-(4-cyanophen/l) -2- 
pyrrolidinone-3 -acetic acid in Example 5. The final 
product was purified by reverse phase HPLC using the 
conditions of Example 1 to afford the title compound. 
The product was verified by C NMR (CD,OD) 6 13.6, 22.5, 
26.8, 37.8, 39.3, 39.6, 48.0, 51.5, 60.9, 114.9, 126.3, 
127.2, 128.9, 137.2, 166.7, 172.5, 172.4, 173.8. 



0 




NH 
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Example 34L 



3 rswrri-r4-tamino imlnomethvll Phenyl 1-2-OXO-3- 



The title compound was prepared by treating the 
final product of the previous example with porcine 
liver esterase in the manner of Example 2. The product 
was purified by reverse phase HPLC using the conditions 
of Example 1 to afford the title compound. The product 
was verified by C NMR (CD 3 OD) S 22.5, 26.8, 37.8, 39.1, 

39.6, 51.6, 112.0, 114.9, 117.3, 127.2, 128.9, 129.9, 
137.4, 149.0, 166.7, 172.4, 173.3, 173.8. 



piper idin vl -i acstvl "! sains 1 4 -ser.ter.o 




0 




NH 
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Example 34M 



PCT/US94/03259 



Ethvl 3 (SWT ri-r4-(aminoiminoraethvl)phenvl1-2-oxo-3- 
pjper idinvl 1 acetyl 1 amino T -4-pentvnoate . 
enantiomericallv enriched isomer B 



0 




The title compound was prepared in the manner of 
Example 1 substituting ethyl 3 (S) -amino-4-pentynoate 
for ethyl 3 (S) -amino-4-pentenoate and l-(4- 
cyanophenyl) -2 -piper idone-3 -acetic acid for l-(4- 
cyanophenyl) -2-pyrrolidinone-3-acetic acid in step E of 
Example 1. The l-(4-cyanophenyl)-2-piperidone-3-acetic 
acid was prepared in the same manner as the l-(4- 
cyanophenyl) -2 -pyrrol idinone-3 -acetic acid of Example 1 
by substituting 5-bromovaleryl chloride for 4- 
bromobutyryl chloride in step A of Example l. The 1- 
( 4 -cyanophenyl) -2 -piper idone-3 -acetic acid was resolved 
in the same manner as the l-( 4 -cyanophenyl) -2- 
pyrrolidinone-3 -acetic acid in Example 5. The final 
product was purified by reverse phase HPLC using the 
conditions of Example 1 to afford the title compound. 
The product was verified by C NMR (CD 3 OD) 6 13.3, 22.1, 

26.4, 37.5, 37.9, 39.3, 51.4, 60.9, 71.6, 81.6, 114.7, 
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Exampl 34N 



3(SWrri-r4-/aminoimin methvl 1 phenyl! -2-oxo-3- 

"itJSr"' r,v1 1 a«»^w1 1 »» i nn-4 -nentvno i c acid . 



enantiomericallv enriched isomer B 




The title compound was prepared by treating the 
final product of the previous example with porcine 
liver esterase in the manner of Example 2. The product 
was purified by reverse phase HPLC using the conditions 
of Example 1 to afford the title compound. The product 
was verified by H NMR (CD,OD) * 1.72-2.14 (m, 2 CH,) , 

2.54-2.92 (m, 2 CH 2 ) , 3.37 (d, J-1.5 Hz, CC-H) , 3.54- 
3.83 (m, CHj), 4.97-5.07 (m, CHN) , 7.57 (d, 2H, J=8 Hz, 
ArH) , 7.83 (d, 2H, J«8 Hz, ArH) . 
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Example 34P 

Ethvl 3 rsw f ri-r4Wamlnoiminoinethvll ph enyl 1-2-oxo-3- 

pjper idinvl 1 acetyl 1 amino 1 butvrate 

0 




The title compound was prepared in the manner of 
Example l substituting ethyl -3 (S) -amino-butyrate for 
ethyl-3(S)-amino-4-pentenoate. The product was 
purified by reverse phase HPLC using the conditions of 
Example 1 to afford the title compound. The product 
was verified by C NMR (CDjOD) 13.7, 19.6, 22.6, 26.9, 
27.6, 37.9, 39.6, 40.9, 43.0, 51.7, 60.8, 126.6, 127.3, 
129.0, 149.1, 172.3, 172,4, 173*9. 



* 
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Example 340 

3S-T r ri-f 4-raminolmin methvl) phenyl! -2-OXO-3- 
pieerid"' 1 »rofvl i »mjnr> lbufcvrte acid 

v-*- T *.«^—«« r t — — i t ~ * — • • — 




The title compound was prepared by treating the 
final product of the previous Example with porcine 
liver esterase in the manner of Example 2. The product 
was purified by reverse phase HPLC using the conditions 
of Example 1 to afford the title compound. The product 
was verified by C NMR (CI^OD) 19. 7, 22.8, 26.9, 37.8, 
39.7, 40.74, 42.9, 51.7, 105.5, 126.5, 127.4, 129.1, 
174.0. 



4 
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Example 34R 
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Ethvl 3 S- f r f l- f 4 - f aminoiminom ethvl ) phenyl 1 -2 -oxo-3- 




The title compound was prepared in the manner of 
Example 1 substituting ethy 1-3 (S) -amino-3 -phenyl- 
propionate for ethyl-3-(S)-amino-4-pentenoate. The 
product was purified by reverse phase HPLC using the 
conditions of Example 1 to afford the title compound. 
The product was verified by H NHR (CD 3 OD) 1.2 (t, 
3-CH 3 ) , 1.8-2.05 (m, CH 2 ), 2.7 (m, CH 2 ) 2.8-2.9 (m, CHj) , 
3.6-3.9 (m, CH 2 ) , 4.1 (q, 2-CHj) , 5.4 (t, NH) , 7.2-7.85 
(a, PhH). 
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Example 34S 

3S-r r ri-r4~raminoiminomethvl^phenvl1-2-Qxo~3- 




The title compound was prepared treating the final 
product of the previous Example with porcine liver 
esterase in the manner of Example 2. The product was 
purified by reverse phase HPLC using the conditions of 
Example 1 to afford the title compound. The product 
was verified by C NMR (CD,0D) 22.0, 26.1, 37.0, 39.0, 
40.2, 50.0, 50.9, 96.8, 125.9, 126.1, 126.6, 126.9, 
128.1, 128.3, 141.4, 148.4, 171.6, 172.6, 173.2. 
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Example 34T 



Ethvl 3 - T r f l - r 4 - 1 am j no iminomethvl ) Phenyl 1 -2 -oxo-3- 

pjperidinvl 1 acstvl 1 ^r.ir.sl-3- £ 3-thienvl ) Prongnoate ,. 
enantiomeri callv enriched isomer B 




The title compound was prepared in the manner of 
Example 1 substituting ethyl 3-amino-3-(3- 
thienyl) propanoic for ethyl-3 (S) -amino-4-pentenoate and 
1- (4-cyanophenyl) -2-piperidone-3-acetic acid for l-(4- 
cyanophenyl) -2 -pyrrol idinone-3 -acetic acid in step E of 
Example 1. The 1- (4-cyanophenyl) -2-piperidone-3 -acetic 
acid was prepared in the same manner as the l-(4- 
cyanophenyl) -2 -pyrrol idinone-3 -acetic acid of Example 1 
by substituting 5-bromovaleryl chloride for 4- 
bromobutyryl chloride in step A of Example 1. The 1- 
(4-cyanophenyl) -2-piperidone-3-acetic acid was resolved 
in the same manner as the 1- (4-cyanophenyl) -2- 
pyrrolidinone-3-acetic acid in Example 5. The final 
product was purified by reverse phase HPLC using the 
conditions of Example 1 to afford the title compound. 
The product was verified by H NMR (diastereomers - 



2.55-2.93 (m, 2 - CH 2 ) , 3.63-3.87 (m, CH 2 ) , 4.06-4.15 
(2q, CH 2 ) f 5.46-5.53 (in, CHN) , 7.07-7.83 (m, 7H, ArH) . 
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Example 35 



Ethvl 3-r f ri-r 4- taminoi minomethvll phenyl 1-2-OXO-3- 
pvrrolidinvl 1 acetyl 1 amino 1 propionate . trif luoro acetate . 

enantiomericallv enriched i somer B. 



A. Preparation of 

Ethvl 3-r r f n-M-cvanophenvH 1-2-OXO-3- 
pvrrolldinvnacetvn amino 1 propionate . enantiomerlcally 
enriched isomer B. 

The title compound was prepared from the product 
of example 5, step A (550 mg, 2.25 mmol) and 0-alanine 
ethyl ester hydrochloride (380 mg, 2.47 mmol) in a 
manner similar to example 1, step E affording 690 mg 
(89%) of product. 'H-NMR (CDC1 3 ) 6 1.27 (t, J » 7Hz, 
3H), 1.97 (m, 1H), 2.40-2.58 (m, 4H) , 2.77 (dd, J » 
5HZ, J » 15Hz, 1H), 3.08 (m, 1H) , 3.53 (q, J - 7Hz, 
2H), 3.83 (m, 2H) , 4.15 (q, J - 7Hz, 2H) , 7.66 (d, J - 
8Hz, 2H), 7.80 (d, J - 8Hz, 2H) . 




COjEt 



NH2 
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B. Preparation of 

Ethvl 3-rrn-M-amin oiminomethvHph nvl1-2-oxo-3- 
pvrroii dinvi 1 ace tyl 1 amino! propionate . snan-tioaerically 
enriched isomer B. 

The title compound was prepared from the product 
of Step A (680 mg, 1.98 mmol) in a manner similar to 
example 1, step F affording 630 mg (67%) of product as 
the TFA salt following reverse phase chromatography. 

'H-NMR (dj-DMSO) S 1.19 (t, J - 7HZ, 3H) , 1.81 (m, 1H) , 
2.29 (m, 2H), 2.46 (t, J = 7Hz, 2H) , 2.58 (m, 1H) 2.98 
(m, 1H), 3.28 (m, 2H) , 3.83 (m, 2H) , 4.07 (q, J = 7Hz, 
2H), 7.87 (d, J » 8HZ, 2H) , 7.93 (d, J « 8Hz, 2H) . 
Anal, calc'd for C^HjjN^Fj : C, 50.63; H, 5.31; N, 11.81. 
Found: C, 50.64; 5.31; N, 11.77. 
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Example 36 

3- r r r l- r 4- raminoimin methyl ) phenyl 1 -2-oxo-3- 



slidinvl 1 a cetyl 1 amino! propionic acid . 
trif luoroacatate . e nantiomericallv enriched isomer B. 



HO2C 




H2O 



The title compound was prepared from the product 
of example 35, step B (150 mg, 0.316 mmol) in a manner 
similar to example 2 affording 78 mg (55%) of product 
as the TFA salt following reverse phase chromatography. 

'H-NMR (dj-DMSO) 6 1.81 (m, 1H) , 2.28 (m, 2H) , 2.39 

(t, J = 7Hz, 2H), 2.58 (m, 1H) , 2.96 (m, 1H) , 3.25 (m, 

2H), 3.83 (m, 2H), 7.85 (d, J - 8Hz, 2H) , 7.92 (d, J = 
8H2 , 2H) . 

Anal. Calc'd for C U H3,N 4 0 6 F, • IHjO : 

C, 46.55; H, 4.99; N, 12.06. 

Found: C, 46.42; H, 4.69; N, 12.23. 
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Example 37 



Ethvl 3-r r r ri-r4-(a minoiminoinathvllPhenvl1-2-oxo-3 
1 id inyl 1 amino! carbonvl 1 amino T propionate . 

trifluoroa cetate. 



rut t 



H 2 N \A/ 




C0 2 Et 



F,C 



C0 2 H 



A. Preparation of 



Ethyl 3-r r r r 1-r 4- fcvanophenvl) -2-oxo-3- 
pvrrol idi nvll amino learbonvll amino! propionate. 

The title compound was prepared from the product 
of example 17, step C (322 mg, 1.60 mmol) in a manner 
similar to example 17, step D substituting ethyl 0- 
alanine hydrochloride for (3S)-vinyl-j8-alanine 
hydrochloride affording 340 mg (62%) of product after 
trituration with EtjO, l H-NMR (CDC1,) 6 \.27 (t, J » 7Hz, 
3H) , 2.06 (m, 1H) , 2.54 (t, J *> 6Hz, 2H) , 2.82 (m, 1H) , 
3.49 (m, 2H), 3.76-3.88 (a, 2H) , 4.14 (q, J = 7Hz, 2H) , 
4.48 (m, 1H), 7.67 (d, J - 8Hz, 2H) , 7.81 (d, J - 8Hz, 
2H) . 

Anal. Calc'd for CnHgWVO.ZS HjO: 

C, 58.52; H, 5.92; N, 16.06. 

Found; C. 53.5' 



, £A, W.ww, 1< f mmm» 9 mr mm 
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B. Preparation of 

Efchvl 3- r f T f 1- f4- famino iniinomethvl 1 phenyl 1 -2-OXO-3- 
pvrrol idin vl 1 amino -\ earbonvl 1 amino 1 propionate . 
tr if luoroacetate . 

The title compound was prepared from the product 
of step A (210 mg, 0.52 mmol) in a manner similar to 
example 1, step F affording 187 mg (76%) of product as 
the TFA salt following reverse phase chromatography. 
'H-NMR (dj-DMSO) 6 1.20 (t, J » 7Hz, 3H) , 1.95 (m, 1H) , 
2.35-2.48 (m, 3H) , 3.24 (m, 2H) , 3.75-3.87 (m, 2H) , 
4.07 (q, J - 7HZ, 2H) , 4.45 (m, 1H) , 7.87 (d, J = 8Hz, 
2H), 7.93 (d, J = 8Hz, 2H) . 

Anal. Calc'd for CjjHmNjOjFj : C, 48.00; H, 5.09; N, 14.73. 
Found: C, 47.81; H, 5.23; N, 14.59. 



* 
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Example 38 



3-f f r ri-r 4- (amino iininomethvl) phenyl 1-2-oxo-3- 
pvrrolidinvl 1 amino! c arbonvl 1 amino i propionic acid , 

trlfluoroaeetate. 



The title compound was prepared from the product 
of example 37, step B (100 mg, 0.21 mmol) in a manner 
similar to example 2 affording 33 mg (35%) of product 
as the TFA salt following reverse phase chromatography. 

'H-NMR (do-DMSO) 5 1.95 (m, 2H) , 2.32-2.48 (m, 3H) , 3.22 

(m, 2H) , 3.75-3.87 (m, 2H) , 4.55 (m, 1H) , 7.86 (d, J = 
8HZ, 2H), 7.93 (d, J = 8Hz, 2H) . 
Anal. Calc'd for CnH^jOsFj- 0.75 HjO: 




CCfeH 



F 3 C 



Found: 



C, 44.30; H, 4.70; N, 15.20. 
C, 44.67; H, 4.54; N, 14.65. 
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Example 39 



Ethvl 3-rr n-f4- faminoiminomethvl) phenyl 1 -2-oxo-3- 
azetidinvl 1 acetyl 1 amino ■ - 4 - sentsncats 



A. Preparation of N-f4-cvanophenvl)-3- 
bromopropanamide. 

A solution of 4-aminobenzonitrile (12.5 g, 106 
mmol) and dimethyl aniline (14.3 g, 121 mmol) in 600 mL 
of CH2CI2, is cooled in an ice bath under argon, and 3- 
bromopropionyl chloride (18.1 g, 106 mmol) is added 
dropvise over 20 min . The reaction mixture is allowed 
to warm to room temperature. After 2 hours, the 
mixture is diluted with CH 2 C1 2 and washed with IN HC1, 
sat'd. NaCl, dried (MgS0 4 ) and concentrated. The title 
compound is verified by C NMR (CD 3 OD) 6 25.6, 38.9, 
117.8, 118.9, 132.2, 141.7, 168. 

B. 1- ( 4-cvanophenvll -2-azetldinona. 

To a stirring solution of NaH (0.264 g, 11. 0 
mmol) (60% w/w dispersion on mineral oil) in DNF/CH^Clj 
(20 mL/80 mL) is added the product of step A (2.52 g, 
10.0 mmol) in DMF/CH 2 C1 2 (20 mL/80 mL) over a 3.5 hour 
period. The reaction is stirred at ambient temperature 
for 3.5 hours, and dilut d with EtOAc (300 mL) and 



washed with 1 N KHS0 4 . The organic phase is further 
washed with saturated NaCl, dried (MgS0 4 ) and 
concentrated. C NMR (CDC1 3 ) S 35.9, 38.0, 116.1, 118.5, 
133.0, 141.8, 168.5. 




NH 
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Ethvl 3-r f ri -f4WaminoiminomethvllPhenvl-|-2-oxo-3- 
azetldinvl 1 a cetyl 1 amino 1 -4-pentenoate . 

The title compound can be prepared following the 
procedures C-F of example 1 substituting the 1= (4= 
cyanophenyl)-2-azetidinone for l-(4-cyanophenyl)-2- 
pyrrolidinone in step C. The final compound can be 
verified by H NMR. 
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Ethvl 3-r r r ri-r4-faminoiminoip ethvllDhenvn-2-oxo-3> 
pvrrolidinvl 1 amino 1 carbonv l 1 amino! propionate 
trifluoroaceta te. Enantiomericallv Enriched Isomer A* 




NH2 OH 



a. Preparation Qt 

1- M-cvanophenvll -3-amino-pvrrolidin-2-one. 
Enantiomericallv Enriched Isomer A. 

To a suspension of the product of example 17, step 
C (4.75 g, 20 mmol) in saturated NaCl (20 mL) was added 
IN NaOH (20 mL, 20 mmol). The mixture was extracted 3X 
with EtOAc, washed (saturated NaCl) , dried (MgSOJ . To 
this filtrate (approximately 250 mL) was added a 
solution of (S) -(-) -mandelic acid in EtOAc (50 mL) • 
The white precipitate was filtered, washed with EtOAc 
and dried. The product was recrystallized 7X from EtOH 
affording 940 mg of product [m.p. 172-173 °C, [a]^ 75 » + 
38.6 (NeOH, c«9.58 mg/mL) ] • This material was 
converted to the free base as described above affording 
480 mg of product (m.p. 106-107°C, [a] v * - + 19.5 
(MeOH, c=10.25 mg/mL) 94% e.e.). Enantiomeric purity 
VwS determined by chirstl HPLC *n*ly?i? u?inci * Cro^np^k 
CR(-) column (15 cm x 4.0 mm) and isocratic elution 
with 1% aqueous HC10 4 at 1.2 mL/min. The detector was 
set at 254 nm. 



t 
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B. Preparation of 

ethvl 3-r f f f 1- /4-cvanoph envl ) -2-oxo-3- 
pvrrolldinvl 1 amino 1 e arbonvl 1 amino 1 propionate . 
Enantiomericallv Enriched Isomer A. 

To a suspension of 1, l'-carbonyldiimidazole (572 
mg, 3.55 mmol) in pyridine (2.5 mL) at 5°C under 
nitrogen was added solid ethyl 3 -amino-propionate 
hydrochloride (545 mg, 3.55 mmol). The resulting 
solution was stirred at 5°C for 15 minutes, diluted 
with 2.5 mL of DMF and removed from the ice bath. The 
product of step A (700 mg, 2.96 mmol) was added all at 
once and the reaction mixture was stirred at 75-80°C 
for 2 hours. After cooling to room temperature, the 
resulting solution was diluted with 15 mL of 1 N HC1. 
The white precipitate was filtered, washed with H 2 0 and 
dried. Trituration and filtration from methyl t-butyl 
ether afforded 844 mg of product (m.p. 168.5-169°C) . 
Extractive work up of the filtrate with EtOAc afforded 
an additional 110 mg of product (94% overall) . 'H-NMR 

(CDCIj) 6 1.27 (t, J=7 Hz, 3H) , 2.06 (m, 1H) , 2.54 (t, 
J»6 HZ, 2H) , 2.82 (m, 1H) , 3.49 (m, 2H) , 3.76-3.88 (m, 
2H), 4.14 (q, J=7 Hz, 2H) , 4.48 (m, 1H) , 7.67 (d, J=8 
Hz, 2H), 7.81 (d, J-8 Hz, 2H) . 

Anal, calc'd. for C, 7 H J0 N 4 O 4 : c, 59.29; H, 5.85; N, 16.27. 
Found: C, 58.94; H, 5.71; N, 16.13. 

C. Preparation of 

ethvl 3-r r r n-r4-faminoiminomathvllphenvn-2-oxo-3- 
pyrrol idtnvl 1 amino! earbonvl 1 amino 1 propionate 
trifluoroacetate. Enantiomericallv Enriched Isomer A 
The titl compound was prepared from th product 
of step B (600 mg, 1.74 mmol) in a manner similar to 
Exampl 1, step F affording 600 mg (73%) of product as 
the TFA salt following reverse phase chromatography 

[m.p. 229-229.5 (dec.)]. 'H-NMR (dj-DMSO) S 1.20 (t, 
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J«7 Hz, 3H), 1.95 (m, 1H) , 2.35-2.48 (m, 3H) , 3.24 (m, 
2H), 3.75-3.87 (m, 2H) , 4.07 (q, J=7 Hz, 2H) , 4.45 (m, 
1H), 7.87 (d, J«8 Hz, 2H), 7.93 (d, J=8 Hz, 2H) . 
Anal, calc'd. for CjjN^NjOjFj : C, 48.00; H, 5.09; N, 14.73. 
Found: C, 47.86; H, 4.71; N, 14.56. 
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Example 41 



3-r r r ri-r4-(ami noiminomethvllphenvl1-2-oxo-3- 
pvrrolidinvl 1 amino! carbonvl 1 amino 1 propanoic acid 
trifluoroacetate. Enantiomericallv Enriched Isomer A. 

0 



The title compound was prepared from the product 
of example 40, step C (0.50 g, 1.25 mmol) in a manner 
similar to Example 2 affording 400 mg (71%) of product 
as the TFA salt following reverse phase chromatography 

[m.p. 222-223°C (dec.)]. 'H-NMR (dj-DMSO) S 1.95 (m, 

2H), 2.32-2.48 (m, 3H) , 3.22 (m, 2H) , 3.75-3.87 (m, 

2H) , 4.55 (m, 1H), 7.86 (d, J=8 Hz, 2H) , 7.93 (d, J=8 
HZ, 2H). 

Anal, calc'd. for 

C 17 H2oN50 6 F3.1/4 H 2 0: C, 45.18; H, 4.57; N, 15.50. 

Found: C, 45.05; H, 4.22; N, 15.29. 
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Example 42 



Ethvl 3- T T T f 1- f 4 f aminoiminomethvl) phenyl 1 -2-ovo-i- 
pvrrolidlnvl 1 amino 1 carb onvl 1 amino! propionate 
trifluoroacetate. Enantiomericallv Enriched Isomer R 



1- M-CVanoPhenvl) -3-amino-pvrrolidin-2-one. 
Enantiomericallv Enriched Taowar R 

The title compound was prepared from the product 
of example 17, step C (1.42 g, 7.08 mmol) in a manner 
similar to example 40, step A, substituting (S)-(-)- 
mandelic acid with (R)-(+)-mandelic acid. The product 
was recrystallized 3X from HeOH affording 800 mg of 
product [m.p. 172-175"C, [o] D M - - 63.7 (MeOH, c=9.26 
mg/mL)]. This material was suspended in H 2 0 (5 mL) and 
neutralized with 1 equivalent of IN NaOH (2.23 mL) . 
The precipitated free base was filtered, washed with 
water and dried, affording 410 mg of product (m.p. 
104. 5-105. 5»C, (a],, 25 - -18.9 (MeOH, c-10.59 mg/mL), 
>99% e.e.). Enantiomeric purity was determined by 
chiral HPLC analysis using a Crownpak CR(-) column (15 
cm x 4.0 mm) and isocratic elution with 1% acr. HCIO. at 
1.2 mL/min. The detector was set at 254 nm. 
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B. Preparation of 

ethvi 3-r r r f l-M -cvanophenvlW-oxo-S-pyrrolidinyn- 
amino 1 car bonvl 1 amin o 1 propionate . Enant iomer i ca i i v 
Enriched Isomer B 

The title compound was prepared from the product 
of step A (400 mg, 1.99 mmol) in a manner similar to 
Example 40, step B affording 560 mg (82%) of product 

[m.p. 170.5-171°C, [a] D M - +16.9 (CHClj, c-14.46 
mg/mL)]. 'H-NMR (CDC1 3 ) 6 1.27 (t, J=7 Hz, 3H) , 2.06 
(m, 1H), 2.54 (t, J-6 Hz, 2H) , 2.82 (m, 1H) , 3.49 (m, 
2H), 3.76-3.88 (m, 2H) , 4.14 (q, J-7 Hz, 2H) , 4.48 (m, 
1H), 7.67 (d, J«8 Hz, 2H) , 7.81 (d, J-8 Hz, 2H) . 

Anal, calc'd. for 0,7^4 0 4 : c, 59.29; H, 5.85; N, 16.27. 
Found: C, 59.09; H, 5.79; N, 16.20. 



c. Preparation <?£ 

ethvl 3-f r r ri-r4-faminoiininomethvl)phenvl1-2-oxo-3- 

pvrrolidinvl 1 amino 1 carbonvll amino 1 propionate 

trif luoroacetate . Enantiomericallv Enriched Isomer B. 

The title compound was prepared from the product 
of step B (560 mg, 1.63 mmol) in a manner similar to 
Example 1, step F affording 590 mg (76%) of product as 
the TFA salt following reverse phase chromatography 

[m.p. 223-224 °C (dec.)]. 'H-NMR (d«-DMS0) S 1.20 (t, 
J-7 Hz, 3H), 1.95 (m, 1H), 2.35-2.48 (m, 3H) , 3.24 (m, 
2H), 3.75-3.87 (m, 2H) , 4.07 (q, J-7 Hz, 2H) , 4.45 (m, 
1H) , 7.87 (d, J-8 Hz, 2H) , 7.93 (d, J-8 Hz, 2H) . 
Anal, calc'd. for Cj^NjOjF, : C, 48.00; H, 5.09; N, 14.73. 

Found: C, 47.64; H, 4.72; N, 14.55. 
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Example 43 



3-r r r fl-r 4- faminoiminomethvl) Phenyl 1-2-oxo-3- 
pvrrolidinvl 1 amino 1 carbonvl 1 amino! propanoic acid 
trifluoroacetate. Enantiomericallv Enriched Isomer B. 



The 

title compound was prepared from the product of example 
42, step c (0.10 g, 0.21 mmol) in a manner similar to 
Example 2 affording 55 mg (56%) of product as the TFA 
salt following reverse phase chromatography [m.p. 222- 
223°C (dec.)]. l H-NMR (cl^-DMSO) S 1.95 (m, 2H) , 2.32- 
2.48 (m, 3H), 3.22 (m, 2H) , 3.75-3.87 (m, 2H) , 4.55 (m, 
1H), 7.86 (d, J-8 HZ, 2H), 7.93 (d, J=8 Hz, 2H) . 
Anal, calc'd. for ChHjoNjOjFj : C, 45.64; H, 4.51; N, 15.66. 
Found: C, 45.51; H, 4.36; N, 15.78. 
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Example 44 



Ethvl 3 (R) -f r r ri-f 4 - ( aminoiminomethvl ) phenyl 1 -2-oxo-3- 

pvrrolldinvl 1 amino 1 carbonvl 1 amino! butanoate 
trifluoroacetate. Enantiomericallv Enriched Isomer B 



A. Preparation of 

Ethvl 3 ( R) -amlnobutanoate CR) -mandelate 

A solution of ethyl 3-aminobutyrate hydrochloride 
(4.5 g, 26.8 mmol) in 27 mL of IN NaOH was extracted 2X 
with EtOAc. The organic fraction was dried (Na 2 S0 4 ) and 
concentrated under reduced pressure. Recrystallization 
of the residue 3X from EtOAc afforded 1.93 g (51%) of 
product as a single chiral diastereomer as determined 
by NMR spectroscopy (m.p. 125-125°C) . , H-NMR (300 MHz, 
CDClj) S 1.00 (d, J«7 HZ, 3H), 1.27 (t, J=7 Hz, 3H) , 
2.23-2.45 (m, 2H), 3.13 (m, 1H) , 4.13 (q, J=7 Hz, 2H) , 
4.85 (s, 1H), 7.17-7.33 (m, 3H) , 7.41 (d, J=8 Hz, 2H) . 
Anal, calc'd. for C M H 21 N05: C, 59.35; H, 7.47; N, 4.94. 
Found: C, 59.03, H, 7.51; N, 4.83. 




NH 
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B. Preparation of 



Ethvl 3 (R) -r r r r 1- 1 4 -cvanophenvl ) -2-oxo-3 - 
pyrrol Idinvl 1 amino 1 carbony 1 1 amino 1 butanoate . 
Enantiomerically Enriched Isomer B 

The title compound was prepared from the product 
of step A (375 mg, 1.32 mmol) and the product of 
example 42, step A (260 mg, 1.1 mmol) in a manner 
similar to example 40, step E affording 295 mg (73%) of 

product (m.p. 177.5-179°C) . 'H-NMR (300 MHz, CDC1 3 ) 6 

1.20-1.30 (m, 6H), 2.05 (m, 1H) , 2.53 (m, 2H) , 2.83 (m, 

1H), 3.83 (m, 2H), 4.15 (q, J=7 Hz, 2H) , 4.19 (m, 1H) , 

4.48 (m, 1H), 7.68 (d, J-8 Hz, 2H) , 7.82 (d, J-8 Hz, 
2H) . 

Anal, calc'd. 

for CjjHjjN^.O.I HjO: C, 60.02; H, 6.21; N, 15.56. 

Found: C, 60.29; H, 6.21; N, 15.06. 

C. Preparation of 

Ethvl 3(RW r r r l-f 4- faminoiminomethvll ph enyl 1-2-OVO-3- 
pvrrolidinvl 1 amino! carbonvl 1 amino! butanoate 
trifluoroacetate. Enantiomerically Enriched Isomer B 
The title compound was prepared from the product 
of step B (600 mg, 1.68 mmol) in a manner similar to 
example 1, step F affording 440 mg (55%) as the TFA 
salt following reverse phase chromatography [m.p. 220- 
221°C (dec.)]. 'H-NMR ((J^-DMSO) S 1.08 (d, J-7 Hz, 3H) , 
1.98 (t, J-7 Hz, 3H), 1.95 (m, 1H) , 2.32 (dd, J-7 Hz, 
J-15 Hz, 1H), 2.45-2.50 (m, 2H) , 3.75-3.87 (m, 2H) , 
3.95 (m, 1H), 4.06 (q, J-7 Hz, 2H) , 4.41 (m, 1H) , 7.87 

(d, J-8 HZ, 2H), 7.93 (d, J-8 Hz, 2H) . 

Anal, calc'd. for CmHmNjO^j : C, 49.08; H, 5.35; N, 14.31. 
Found: C, 48.83; H, 5.54; N, 13.97. 
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Example 45 



3fRW r r ri - r 4- (aminoimlnomethvl) Phenyl 1-2-OXO-3- 



fjvrr onainy x i amino f uax. uuii y j. | oiujuiu i uu loiiu j.u amu 

trifluoroacetate. Enantiomericallv Enriched Isomer B 



The title Compound was prepared from the product 
of example 44, step C (70 mg, 0.14 mmol) in a manner 
similar to example 2 affording 48 mg (73%) of product 
as the TFA salt following reverse phase chromatography 
[m.p. 179-181°C (dec.)]* 'H-NMR (dj-DMSO) S 1.08 (d, 
J«7 Hz, 3H), 2.94 (m, 1H) , 2.27 (dd, J=7 Hz, J-15 Hz, 
1H), 2.35-2.50 (m, 2H) , 3.75-3.87 (m, 2H) , 3.93 (m, 
1H), 4.43 (m, 1H), 7.86 (d, J-8 Hz, 2H) , 7.93 (d, J«8 
Hz , 2H) . 

Anal, calc'd. for 

CwHbNjO^j . 1 . 5 H 2 0: C, 44.26; H, 5.16; N, 14.34. 

Found: C, 44.00; H, 4.69; N, 14.06. 



HfeN 




NH 
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Ethvl 3 (SW r r r 1- f 4 Waminoiminomethvll phenyl 1-2-oxo-3- 
ovrrolidinvl 1 amino 1 carbonvl T amino 1 benzeneprooanoate 



A. Preparation of 

Ethvl 3 ( S )■ T r ( 1 . 1-dimethvlethoxv) carb onvl 1 amino 1 - 
benzeneoropanoate 

To a stirred solution of N-Boc-D-phenylglycine 
(5.02 g, 20 mmol), N-methylmorpholine (2.02 g, 20 mmol) 
in EtOAc (100 mL) at 0°C was added isobutyl 
chloroformate (2.73 g, 20 mmol). After 15 minutes the 
reaction mixture was filtered to remove the amine salts 
then an ethereal solution of diazomethane (60 mL, 30 
mmol) was added. The cooling bath was removed and the 
reaction stirred at ambient temperature for 2 hours. 
The reaction was purged with nitrogen for 15 minutes to 
remove the excess diazomethane. The reaction was 
diluted with EtOAc, washed with IN HC1, saturated 
NaHC03, and dried (MgS0 4 ) . Evaporation of the solvent 
afforded the crude diazoketone which was dissolved in 
EtOH (100 mL) and then treated sequentially with 
AgOjCPh (1.6 g, 7 mmol) and triethylamine (6.06 g, 60 
mmol) . After 20 hours th reaction mixture was 
concentrated and chromatographed (silica gel, 15% 
EtOAc/h xan s) affording 4.90 g (85%) of product as a 
colorless oil. l H-NMR (300 MHz, CDC1 3 ) S 1.17 (t, J«7 




NH 
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HZ, 3H), 1.43 (s, 9H), 2.73-2.92 (m, 2H) , 4.07 (q, J=7 

Hz, 2H), 5.10 (in, 1H) , 5.48 (m, 1H) , 7.22-7.39 (m, 5H) . 

B. Preparation of 

Ethvl 3(S)-aminobenze nepropanoate hydrochloride 

Dry HC1 gas was bubbled through a solution of the 
product of step A (3.0 g, 10.2 mnol) in EtOAc (50 mL) 
at ambient temperature for 15 minutes. After stirring 
for an additional 30 minutes, the solvent was removed 
under reduced pressure affording 2.30 g (98%) of 
product as a yellow oil. 'H-NMR (300 MHz, d^-ONSO) S 
1.03 (t, J=7 Hz, 3H) , 3.02 (dd, J»10 Hz, J=15 Hz, 1H) , 
3.25 (dd, J-6 Hz, J-15 Hz, 1H) , 3.96 (m, 2H) , 4.55 (m, 
1H), 7.3-7.6 (m f 5H), 8.93 (s, 3H) . 

C. Preparation of 

Ethvl 3fSW r r ri-f4 -cvanophenvl)-2-oxo-3-pvrrolidinvl i- 
amino 1 carbonvl 1 amino 1 benzene-prooanoate 
trlfluoroacetate. Enantiomericallv Enriched Isomer B 
The title compound was prepared from the product 
of step B (685 mg, 2.9 mmol) and the product of Example 
42, step A (600 mg, 2.9 mmol) in a manner similar to 
Example 40, step B affording 564 mg (47%) of product 

(m.p. 108-109°C). 'H-NMR (300 MHz, CDC1 3 ) S 1.16 (t, 
J-7 Hz, 3H), 2.00 (m, 1H), 2.77-2.93 (m, 3H) , 3.81 (m, 
2H), 4.05 (g, J=7 Hz, 2H) , 4.50 (m, 1H) , 5.26 (m, 1H) , 
7.20-7.35 (m, 5H) , 7.66 (d, J ■ 8 Hz, 2H) , 7.80 (d, J=8 
Hz, 2H). 

Anal, calc'd. for 

CjjHaN^.l/S HjO: C, 64.79; H, 5.83; N, 13.14 

Found: C, 64.65; H, 5.58; N, 13.18. 



WO 94/22820 



PCT/US94/03259 



- 125 - 

D. Preparation of 

Ethvl 3 f S) - r r f r 1- f 4 - ( amino iminomathvl ) Phenyl 1 -2-OXO-3- 
pyrroiidinvl i amino i earbonvi i amino 1 benzenepropanoate 
trifluoroa cetate. Enantiomericallv Enriched Isomer B 
The title compound was prepared from the product 
of step C (450 mg, 1.07 mmol) in a manner similar to 
Example 1, step F affording 430 mg (73%) of product as 
the TFA salt following reverse phase chromatography 
[m.p. 223-224°C (dec.)]- 'H-NMR (dj-DMSO) S 1.14 (t, 
J»7 Hz, 3H), 2.03 (m, 1H) , 2.47 (m, 1H) , 2.80 (m, 2H) , 
3.84 (m, 2H), 4.04 (m, 2H) , 4.50 (m, 1H) , 5.05 (t, J-7 
Hz, 1H), 7.23-7.44 (m, 5H) , 7.92 (d, J»8 Hz, 2H) , 7.97 
(d, J-8 Hz, 2H) . 
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Example 47 



3rsi-rrm-r4-( aminoiminomethvl ) phenyl 1 -2 -oxo-3 - 
pvrrolidi nvl 1 amino 1 carbonvl 1 amino! benzenepropanoic acid 
trifluoroacetate. Enantiomericallv Enriched Isomer B 



The title compound was prepared from the product 
of Example 46, step D (105 mg, 0.18 mmol) in a manner 
similar to Example 2 affording 46 mg (46%) of product 
as the TFA salt following reverse phase chromatography 
[m.p. 198-199°C (dec.)]* 'H-NMR (d^-DMSO) 6 1.94 (m, 
1H), 2.40 (m, 1H), 2.68 (m, 2H) , 3.80 (m, 2H) , 4.44 (m, 
1H), 5.05 (q, J=7 Hz, 1H) , 7.20-7.44 (m, 5H) , 7.92 (d, 
J-8 HZ, 2H), 7.97 (d, J=8 Hz, 2H) . 

Anal, calc'd. for 

Cj,H2jN50 4 Fj.2 H 2 0: C, 49.37; H, 5.04; N, 12.52. 

Found: C, 49.07; H, 5.62; N, 12.43. 
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Ethvl 3-r r r ri-r4-( amlnoimlnomethvllPhenvl1-2-oxo-3- 
pyrrolidinvll amino! carbonvll amino 1-2 (S) - 
r r (phenvlmeth oxvl carbonvll amino Tprooanoate 
trif luoroacetate. Enantiomericallv Enriched Isomer B 



A. Preparation of 

Ethvl 3-amino-2 fSl -f f (phenvlmethoxvlcarbonvll amino 1- 
prooanoate Hydrochloride 

To a stirred suspension of N 0 -Z-L-2,3- 
diaminopropionic acid (0.50 g, 2.10 mmol) in EtOH (20 
mL) was added thionyl chloride (310 /iL, 4.2 mmol). The 
resulting solution was stirred at ambient temperature 
for 5 hours, the solvent was removed and the solid 
residue was triturated with EtjO affording 573 mg (90%) 
of product (m.p. 134-136°C) . 
Anal. Calc'd. for 

C l} H I9 N 2 0 4 Cl*l/4 HjO: C, 50.82; H, 6.40; N, 9.12. 

Found: C, 50.87; H, 6.57; N, 8.95. 




NH2 
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B. Preparation of 

Ethvl 3-r r r f l- f A-cvanophenvll^-oxo-S-Pvrrolidinvn- 
aminol carbonvl 1 aminol -2 (S) - r f fphenvlmethoxvl carbonvl 1 r 
amino Iprooanoate. Ena ntiomericallv Enriched Isomer B 
The title compound was prepared from the product 
of step A (300 mg, 0.99 mmol) and the product of 
Example 42, step A (280 mg, 1.19 mmol) in a manner 
similar to Example 40, step E affording 341 mg (70%) of 

product (m.p. 177-178°C). 'H-NMR (300 MHz, DMSO) S 1.18 
(t, J=7 HZ, 3H), 1.92 (m, 1H), 2.39 (m, 1H) , 3.24 (m, 
1H) , 3.48 (m, 1H), 3.78 (m, 2H) , 4.09 (m, 3H) , 4.47 (m, 
1H) , 5.04 (s, 2H), 7.25-7.40 (m, 5H) , 7.83-7.93 (m, 4H) . 

Anal, calc'd. for 

C, g Hj7Nj0 6 .l/4 H 2 0: C, 60.29; H, 5.57; N, 14.06. 

Found: C, 60.34; H, 5.77; N, 14.04. 

C. Preparation of 

Ethvl 3-f r r r 1-f 4- faminoiminomethvl) phenyl 1 -2-oxo-3- 

pvrrolidinvn aminol carbonvnaminol-2 (S\ - 

f f (phenvlmethoxv) -carbonvll aminol propanoate 

trif luoroacetate . Enantiomericallv Enriched Isomer B 

The title compound was prepared from the product 
of step B (625 mg, 1.25 mmol) in a manner similar to 
Example 1, step F affording 487 mg (62%) of product as 
the TFA salt following reverse phase chromatography 

[m.p. 197-198°C, (dec.)]. 'H-NMR (300 MHZ, DMSO) 6 1.19 
(t, J«=7 Hz, 3H), 1.95 (m, 1H), 2.40 (m, 1H) , 3.25 (m, 
1H), 3.45 (m, 1H), 3.80 (m, 2H) , 4.09 (m, 3H) , 4.47 (m, 
1H), 5.05 (s, 2H), 7.25-7.40 (m, 5H) , 7.87 (d, J=8 Hz, 
2H) , 7.93 (d, J=8 Hz, 2H) . 
Anal, calc'd. f r 

0,7^^^3.3/4 H 2 0: C, 50.82; H, 5.13; N, 13.17. 

Found: C, 50.82; H, 5.03; N, 13.10. 
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Example 49 



3- r r r r l- r 4- ( amin oiminomethvH phenyl 1 -2-oxo-3- 

pvrrolidinvl 1 amino! car bonvl 1 amino 1 -2 ( S) - 
r r fphanvlmethoxv lcarbonvll amino! propanoic acid 
trifluoroacatate. E nantiomericallv Enriched Isomer B 



The title compound was prepared from the product 
of Example 48, step C (100 mg, 0.16 mmol) in a manner 
similar to Example 2 affording 52 mg (55%) of product 
as the TFA salt following reverse phase chromatography 

[m.p. 169-170. 5°C (dec.)]. 'H-NMR (d«-DMSO) S 1.94 (m, 

1H), 2.42 (m, 1H), 3.21 (m, 1H) , 3.49 (l, 1H) , 3.82 (m, 

2H), 4.03 (m, 1H), 4.48 (m, 1H) , 5.04 (s, 2H) , 7.28- 
7.40 (m, 5H), 7.87 (d, J=8 Hz, 2H) , 7.93 (d, J=8 Hz, 
2H) . 

Anal, calc'd. for 

C2^N«0,F,.l H 2 0: C, 48.86; H, 4.76; N, 13.68. 

Found: C, 48.70; H, 4.54; N, 13.46. 



H 




NH2 
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Example 50 



Ethvl 3 I S) - r r r l- r 4- f aminoiminomethvl ) phenyl 1 -2-oxo-3- 
pvrrolidinvl i acetyl i aminoi -3- f 3-f uranvl) propanonate 
Trifluoroacetate. Enantiomericallv enriched isomer B 



A. Preparation of Ethvl 3 ( SW f n-f4-cvanophenvl 1-2- 
oxo-3-pvrrolidinvl 1 acetyl 1 amino! -3W3- 
furanvl^propanonate. Enantiomericallv enriched 
isomer B. 

The title compound was prepared from the product 
of Example 5 (550 mg, 2.25 mmol) and ethyl 3(S)-amino- 
3-(3-furanyl)propanoate trifluoroacetate (740 mg, 2.50 
mmol) in a manner similar to Example 1, step E 
affording 900 mg (98%) of product used directly in the 
next reaction. l H-NMR (300 MHz, CDC1 3 ) S 1.20 (t, J = 

7Hz, 3H) , 1.94 (m, 1H) , 2.37-2.50 (m, 3H) , 2.72-2.88 
(m, 2H), 3.08 (m, 1H) , 3.80 (m, 2H) , 4.08 (q, J - 7Hz, 
2H) , 5.42 (m, 1H), 6.39 (m, 1H) , 7.34 (m, 1H) , 7.40 (m, 
1H) , 7.61 (d, J = 8Hz, 2H), 7.80 (d, J = 8Hz, 2H) . 



0 
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B. Preparation of Ethvl 3 (S) -r r f l-f 4- 

l amin iminomethvl \ phenvll -2-oxo-3-Pvrrolidinvl- 
acetyl 1 amino! -3- 1 3-f uranvl ) prooanonate 
Trifluroacetate. Enantiomericallv enriched 
isomer B 

The title compound was prepared from the product 
of step A (900 mg, 2.20 mmol) in a manner similar to 
Example l, step F affording 200 mg (17%) of product as 
the TFA salt following reverse phase chromatography 

[m.p. 207-208°C (dec.)]. 'H-NMR (300MHz, dj-DMSO) S 

1.16 (t, J = 7Hz, 3H), 1.83 (m, 1H) , 2.20-2.40 (m, 2H) , 

2.60 (m, 1H), 2.74 (m, 2H) , 2.98 (m, 1H) , 3.83 (m, 2H) , 

4.05 (t, J - 7Hz, 2H), 5.22 (m, 1H) , 6.46 (m, 1H) , 7.55 

(m, 1H), 7.60 (m, 1H) , 7.87 (d, J - 8Hz, 2H) , 7.92 (d, 
J ~ 8Hz, 2H) . 
Anal, calc'd. for 

CJ4HJ7N407FJ.3/4 H,0: C, 52.03; H, 5.18; N, 10.11. 

Found: C, 51.96; H, 4.96; N, 9.94. 
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3fswrri-r4-f amino iminom thvl ) phenyl 1 -2 -oxo-3- 
pvrrolidinvl 1 acetyl T amino 1 -3- 1 3 -f uranvll propanoic acid 
Trifluoroacetate. Enantiomericallv enriched B 



The title compound was prepared from the product 
of Example 50, step B (150 mg, 0.28 mmol) in a manner 
similar to Example 2 affording 62 mg (45%) of product 
as the TFA salt following reverse phase chromatography 

[m.p. 200-201 (dec.)]* 'H-NMR (300 MHz, dj-DMSO) S 1.85 
(m, 1H) , 2.20-2.38 (m, 2H) , 2.55-2.73 (m, 3H) , 2.98 (m, 
1H), 3.83 (m, 2H), 5.18 (m, 1H) , 6.45 (m, 1H) , 7.53 (m, 
1H), 7.58 (m, 1H), 7.87 (d, J - 8Hz, 2H) , 7.92 (d, J » 
8Hz, 2H). 

Anal, calc'd. for 

CjjHjjN^Fj.IHjO: C, 49.81; H, 4.75; N, 10.56. 

Found: C, 49.59; H, 4.53; N f 10.29. 



O 
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The platelet-binding inhibitor activity of the 
compounds of the present invention can be d monstrated 
by the assays presented below. 

Inhibition of Human Platelet Aggregation (PRP) 
Platelet rich plasma was prepared from citrated whole 
blood (3.8% Na citrate, 1:10 in 30 ml blood) withdrawn 
from the antecubital vein (n = 1) • PRP was prepared by 
centrifugation (Sorvall RC3C, DuPont, Wilmington, DE) 
of the whole blood at 1000 x g for 3 min, allowing the 
centrifuge to stop without braking. Platelet poor 
plasma (PPP) was prepared by centrifugation of PRP at 
2000 x g for 10 min. Blood was obtained from donors 
who were selected to exhibit platelet counts in the 
range of 2.5 to 3.5 x 10* /ml with aggregation responses 
of ~ 70-80 units. Aggregation was measured in a 4 
channel aggregometer (model PAP-4C, Bio/Data Corp., 
Hatboro, PA) . Aliguots of PPP were used to standardize 
the aggregometer for measurement of maximum light 
transmission. Platelet aggregation was measured as an 
increase in light transmission. 

PRP (430 Ml aliquot) was preincubated with 50 Ml of 
various concentrations of compound (dissolved in 10% 
ETOH/ water at a concentration of 10" 3 M. Compounds were 
diluted to desired concentration with 0.9% NaCl) for 2 
min at 37 °C, with stirring at 900 rpm, in the 
aggregometer. The stock collagen (Chronolog, 
Ha vert own, PA, equine tendon) was diluted 1:10 with a 
5% dextrose and water solution. The vehicle control 
response was obtained by adding 20 /il diluted collagen 
to the untreated aliquot of PRP + 50 fil saline. Final 
collagen concentration was 4 /ig/ml. Aggregation was 
r corded for 3 min following the additi n of collag n. 
(Maximum aggregation was achieved in 2 min.). p rcent 
inhibition was calculated by comparing tr at d and 
control collagen. Percent inhibition was calculated by 
comparing treated and control samples. IC^'s were 
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control saline)] x 100. The % inhibition = 100 - 
(percent of control) . 

The assay results for the compounds of the present 
invention and their median inhibitory concentrations 
(ICtf) are recorded in Table I. IC^'s (if a compound 
showed 50% inhibition) were calculated graphically from 
the dose response curve. (NT in the following table 
indicates not tested.) 
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TABLE I 



Example 



Dog PRP 
IC50 (MM) 



Hunan PRP 
IC50 (MM) 



2 

4 

6 

8 
10 
12 
14 
16 
18 
19 
22 
24 
26 
28 
30 
32 
34 
34B 
34C 

mJ ^ Ait 

34G 
341 
34J 



0.072 
0.052 
1.6 
0.18 

0.17 

0.39 

0.12 

0.10 

0.17 

0.15 

0.18 

0 .19 

0.59 

0.17 

0.38 

0.25 

0.12 

0.24 

0.16 



NT 

0.055 

0.85 

0.18 
0.26 
0.29 

NT 
0.31 
0.10 
0.09 

NT 

NT 

NT 
0.19 
0.28 
0.16 

NT 

NT 

NT 



0.19 
0.18 

13% § 1/lM 



urn 



NT 
NT 
NT 
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Dog PRP Hunan PRP 

Example IC M (MM) ICjo (mM) 

34L 0.059 NT 

34N 0.059 NT 

36 0.091 0.11 

38 0.125 NT 

41 30% 0 IfM 0.15 

43 0.090 NT 

45 0.039 NT 

47 0.062 NT 

49 0.054 NT 

51 0.050 NT 
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What is claimed is: 

1. A comp und of the formula 




or a pharmaceutical^ acceptable salt thereof 
wherein 

Z, and Z 2 are independently selected from the group 
consisting of hydrido, alkyl of 1 to 6 carbon 
atoms, hydroxy, halo and alkoxy of 1 to 6 carbon 
atoms ; 

R, is selected from the group consisting of 
hydrogen, lower alkyl of 1 to 6 carbon atoms, 
lower alkenyl of 2 to 6 carbon atoms, lower 
alkynyl of 2 to 6 carbon atoms, 
alkyloxycarbonyloxyalkyl, cycloalkyl of 3 to 6 
carbon atoms and aryl optionally substituted by 
hydroxy, lower alkoxy of 1 to 6 carbon atoms, 
lower alkyl of 1 to 6 carbon atoms, halo, nitro, 
amino, acyloxy, phenyl or naphthyl; 

Rj is selected from the group consisting of 
hydrogen, lower alkyl of 1 to 6 carbon atoms, 
lower alkenyl of 2 to 6 carbon atoms, lower 
alkynyl of 2 to 6 carbon atoms, cycloalkyl, aryl, 
monocyclic, bicyclic, or tricyclic heterocyclyl 
r*dic*ls in v?hich l to 3 h^tero*to2*s *re 
independently selected from oxygen, nitrogen, or 
sulfur, wherein said radicals are optionally 
substituted by one or more radicals s lected from 
the group consisting of hydroxy, lower alkoxy of l 
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to 6 carbon atoms, low r alkyl of 1 to 6 carbon 
atoms, halo, nitro, cyano, azido, ureido, 
ureylene, carboxyl, carbonyl derivatives, 
trif luoromethyl. acyloxy ; alkylthio, arylthio, 
alkylsulfinyl, arylsulf inyl, alkylsulfonyl, 
arylsulfonyl, amino, alkylamino, trialkylsilyl, 
aminosulfonyl, dialkylamino, alkanoylamino, 
aroylamino, phenyl and naphthyl; 

R 3 is selected from the group consisting of 
hydrogen, alkyl of 1 to 6 carbon atoms, alkoxy of 
1 to 6 carbon atoms, halo, amino, monoalkylamino, 
dialkylamino, acylamino, alkylsulfonylamino, 
arylsulf onylamino, hydroxy 1, alkoxycarbonyl and 
alkoxycarbony lalkyl ; 

X is selected from the group consisting of 
O O 



m is an integer from 1 to 4; 

n is an integer from 0 to 4; and 

p is 0 or 1 wherein n and p are not both 0. 



2. A compound according to claim 1 wherein X is 
0 



4. A compound according to claim 3 wher in n is l. 





and p - l. 




WO 94/22820 



PCT/US94/03259 



- 140 - 

5. A comp und according to claim 4 selected from th 
group consisting of 

ethyl 3(S)-[[[l-[4-( amino iminomethy 1 ) phenyl ] -2 -oxo-3 - 
pyrrolidiny 1 ] acetyl ] amino ] -4 -pentenoate ; 

3 (S)-[ [ [l-[ 4- (amino iminomethy 1) phenyl ]-2-oxo-3- 
pyrrolidiny 1 ] acetyl ] amino ] -4-pentenoic 
acid, monohydrochloride; 

ethyl 3(S)-[[[l-[4- (aminoiminomethyl ) phenyl ] -2 -oxo-3 - 
pyrrol idinyl ] acetyl ] amino] -4 -pentenoate , 
enantiomerically enriched isomer A; 

3 (S)-[ [ [1- [4- (aminoiminomethyl) phenyl ]-2-oxo-3- 
pyrrolidiny 1] acetyl ] amino] -4-pentenoic acid, 
monohydrochloride enant i omer ica 1 ly 
enriched isomer A; 

ethyl 3 (S) -[ [ [l-[ 4- (aminoiminomethyl) phenyl ] -2 -oxo-3 - 
pyrrolidinyl ] acetyl ] amino] -4-pentenoate , 
enantiomerically enriched isomer B; 

3 (S)-[ [ [l-[4-(aminoiminomethyl)phenyl]-2-oxo-3- 
pyrrolidinyl] acetyl] amino] -4-pentenoic acid, 
enantiomerically enriched isomer B; 

ethyl 3-[ [ [l-[4-(aminoiminomethyl)phenyl]-2- 
oxo-3 -pyrrol idinyl ] acetyl ] amino] propionate; 

3-[ [ [l-[4- (aminoiminomethyl) phenyl] -2-0x0-3- 
pyrrol idinyl ] acetyl ] amino ] propionic acid ; 

ethyl 3-[ [ [l-[4-(amin iminom thyl ) phenyl] -2- 
ox -3-pyrrolidinyl] acetyl] amino] butanoat ; 
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3 " [ [ [ 1" [ 4 ~ ( aminoiminomethy 1) phenyl ] -2 -oxo-3 - 
pyrr lidinyl] acetyl] amino] butanoic acid; 

ethyl 3-[ [ [l-[4-(aminoiminomethyl)phenyl]-2- 
oxo-3 -pyrrolidinyl ] acetyl ] amino ] - 
3 -pheny lpropionate ; 

3 - [ [ [ 1- [ 4 - ( aminoiminomethy 1 ) phenyl ] -2 -oxo-3 - 
pyrrolidinyl ] acetyl ] amino] -3- 
phenylpropionic acid; 

ethyl 3(S)-[[[l-[4- ( aminoiminomethy 1) phenyl] -2 - 
oxo-3 -pyrrolidinyl ] acetyl ] amino ] -4-pentynoate ; 

3 (S)-[ [ [l-[ 4- (aminoiminomethy 1) phenyl ] -2 -oxo-3 - 
pyrrolidinyl] acetyl] amino] -4 -pentynoic acid; 

3-[ [ Cl"[ 4 •( aminoiminomethy 1) phenyl] -2 -oxo-3 - 
pyrrolidinyl ] acetyl ) amino] -N- [ (phenylmethoxy ) - 
carbonyl]-L-alanine, ethyl ester; 

3 ~[ [ [l-[4-(aminoiminomethyl)phenyl]-2- 
oxo-3 *pyrr olidiny 1 ] acetyl ] amino ] -N- 
[ (phenylmethoxy) carbony 1 ] -L-alanine ; 

ethyl 3-[ [ [l-[ 4- ( aminoiminomethy l)p*.snyl ] -2 -oxo-3 - 
pyrrolidinyl ] acetyl ] amino] propanoate , tr if luoroacetate , 

enantiomerically enriched isomer B; 



9 
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3-[ [ [l-[4-(aminoiminom thy 1) phenyl] -2 -oxo-3- 
pyrr lidinyljac tyl] amino] pr panoic acid, 
trif luoroacetate, enantiomerically enriched isomer B; 

Ethyl 3(S)-[[[l-[4-( aminoiminomethy 1 ) phenyl ] -2 -oxo- 3 - 
pyrrol idinyl ] acetyl] amino] -3- ( 3-f uranyl) propanonate 
Trif luoroacetate . Enantiomerically enriched isomer B; 



and 



3 (S)-[ [ [l-[ 4- (aminoiminomethy 1) phenyl] -2 -oxo-3- 
pyrrolidinyl] acetyl] amino] -3- (3-f uranyl) propanoic acid 
Trif luoroacetate. Enantiomerically enriched B. 

6. A compound according to claim 2 wherein m is 3. 

7. A compound according to claim 6 wherein n is 1. 

8. A compound according to claim 7 selected from the 
group consisting of 

ethyl 3(S)-[ [(l-[4-(aminoiminomethyl)phenyl]-2- 
oxo-3 -piper idinyl ] acetyl ] amino ] -5- 
(trimethylsilyl) -4-pentynoate; 

3 (S)-[ [ [l-[4-(aminoiminomethyl)phenyl]-2-oxo-3- 
piperidinyl ] acetyl ] amino] -5- (trimethylsilyl) - 

4-pentynoic acid; 

ethyl 3-[ [ [l-[ 4- ( aminoiminomethy 1) phenyl ]-2-oxo- 
3 -piperidinyl ] acetyl ] amino ] -4 -pentynoate ; 



■ • 



3 ~[[ll~L*~l ammoxminomeuiyjL) pneny x j -^-gxa-j- 
piper idinyl ] acetyl ] amino ] -4 -pentynoic acid ; 

thyl 3-[ [ [ 1- [ 4- ( amino iminomethyl) phenyl] -2 -oxo 
3 -piper idinyl] acetyl] amino] -6, 6- 
dimethyl-4-heptynoate ; 
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3- [ [ [ l- [ 4- (aminoiminonethyl) phenyl ] -2-0x0-3 
piper idinyl ] acetyl ] amino] -6 , 6 
dimethyl-4-heptynoic acid; 



ethyl 3 - [ [ [ 1- [ 4 - ( aminoiminomethyl ) phenyl ] -2 -oxo- 
3 -piperidiny 1 ] acetyl ] amino] -5-phenyl-4-pentynoate ; 



3_[ [ [i-[ 4- (aminoiminomethyl) phenyl ]-2-oxo-3- 

piperidiny 1 ] acetyl ] amino] -5- 
phenyl-4-pentynoic acid; 

ethyl 3- [[ 4- (aminoiminomethyl) phenyl] -2 -oxo- 
3 -piperidiny 1 ] acetyl ] amino ] -butanoate ; 

3-[ [ [l-[4-(aminoiminomethyl)phenyl]-2-oxo-3- 
piper idinyl ] acetyl ] amino] butanoic acid ; 



ethyl 3-[ [ [1- [4- ( aminoiminomethyl ) phenyl] -2 -oxo- 
3-piperidinyl ] acetyl ] amino ] -3 -phenylpropanoate ; 

3-[ [ [i-[ 4- (aminoiminomethyl) phenyl] -2 -oxo-3- 
piper idinyl ] acetyl ] amino ] -3 -pheny lpropanoic acid ; 



ethyl 3 (S) -[ [ [ l-[ 4- (aminoiminomethyl) phenyl] -2 -oxo- 
3 -piper idinyl ] acetyl ] amino] -4 -pentenoate ; 



3(S)-[ [ [l-[4-(aminoiminomethyl)phenyl]-2-oxo-3- 
piper idinyl ] acetyl ] amino ] -4 -pentenoic acid ; 



ethyl 3 - [ [ [ 1 - [ 4 - ( aminoiminomethyl ) phenyl ] - 
2-0x0-3 -piper idinyl ] acetyl ] amino ] propanoate ; 



3 - [ [ [ I- [ 4 - ( aiair.cisir.cscthy 1 ) phenyl ] -2 -™- 
3-piperidinyl] acetyl ]amin ] propanoic acid; 
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3-[ [ [l-[4-(aminoiminom thyljph nyl]-2-oxo-3« 
piperidinyl] acetyl ] amino] -O- (3-thienyl) - 

propanoic acid; 

ethyl 3 (S)-[ [ [l-[ 4- (aminoiminomethyl) phenyl) 
2-oxo-3-piperidiny 1 ] acetyl ] amino] -3 - 
( 3-f uranyl) propanoate ; 



3 (S) -[ [ [l-[4-aminoiminomethyl) phenyl] 
2 -oxo- 3 -piperidinyl ] acetyl ] amino ] - 3 - 
(3-f uranyl) propanoic acid; 



ethyl 3-[ [ [1- [4- (aminoiminomethyl) phenyl ] - 
2 -oxo- 3 -piperidinyl] acetyl] amino] -3- 
( 2 -f uranyl ) propanoate ; 

3~[ [ [l-[4-(aminominomethyl) phenyl] 2- 
oxo- 3 -piperidinyl ] acetyl ] amino] -3- 
( 2 -f uranyl] propanoic acid; 

ethyl 3-[ [ [l-[4- (amino iminomethy 1) phenyl] - 
2 -oxo-3 -piper idiny 1 ] acetyl ] amino ] -3 - 
( 4 -methoxypheny 1 ) propanoate : 



3 "[ [ [l-[ 4- (aminoiminomethyl] phenyl] -2- 
oxo- 3 -piperidinyl ] acety 1 ] amino ] - 3 - 
( 4 -methoxyphenyl ) propanoic acid ; 

3 (S)-[ [ [ l-[ 4- (aminoiminomethyl) phenyl] -2- 
oxo- 3 -p iper id iny 1 ] acety 1 ] ami no ] - 4 -pent eno i c ; 

ethyl 3(S)-[ [ [-[4- (aminoiminomethyl) phenyl]- 
o •ava*') « T ^i T *5ridli T "*l ^ scstvl ] sim^ma i _ 

4-pentenoate, isomer B; 
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3(S)-[[[l-[4-( aminoiminom thy 1 ) phenyl ] 
2 -oxo-3 -piper idiny 1 ] acetyl ] amino] 4- 
pentenoic, isomer B; 



ethy 1 3(S)-[[[l-[4-( aminoiminomethy 1 ) phenyl ] - 
2 -oxo- 3 -piper idiny 1 ] acetyl ] amino ] -4 - 
pentynoate, isomer B; 

3 (S)-[ [ [1- [4- ( aminoiminomethy 1) phenyl] - 
2 -oxo-3 -piper idiny 1 ] acetyl ] amino-4 - 
pentynoic acid, isomer B; 

ethyl 3(S)-[ [ [ l-[ 4- (amino iminomethyl) phenyl ] - 
2 -oxo-3 -piper idiny 1] acetyl ] amino] butyr ate; 

3S-[ [ [ l-[ 4- (aminoiminomethy 1) phenyl ]-2-oxo-3- 
piper idiny 1 ] acetyl ) amino ] butyric acid ; 

ethyl 3 S-[ [ [l-[ 4- (aminoiminomethy 1) phenyl ]- 
2 -oxo-3 -piper idiny 1 ] acetyl ] amino] -3- 

pheny 1-propionate ; 

3S-[ [ [1- [4- ( aminoiminomethy 1) phenyl ]- 
2 -oxo-3 -piper idiny 1 ] acetyl ] amino ] -3 - 
phenyl-propionic acid; 

9 . A compound according to claim 1 wherein X is 
O 

B and p is 1. 



10. A compound according to claim 9 wherein n is 0. 





12. A compound according to claim 11 selected from the 
group c nsisting of 
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thyl 3 (S)-[ [ [ [ l-[ 4- (aminoiminomethyl) phenyl] -2 - 
oxo- 3 -pyrrol idinyl ] amino] car bony 1 ] amino] -4 -pentenoate 

3S-[ [ [ 4- (asir.cinir.cEsthyl) phenyl T-2-OXQ-3- 
pyrrolidinyl ] amino] carbonyl ] amino] -4-pentenoic acid ; 



ethyl 3-[ [ [ [i-[4-(aminoiminomethyl)phenyl]-2 
oxo- 3 -pyrrol idinyl ] amino] carbonyl ] amino] - 
propanoate , tr if luoroacetate ; 

3-[ [ [ [l-[ 4- (aminoiminomethyl) phenyl ]-2-oxo-3 
pyrrol idinyl ] amino] carbonyl ] amino] - 
propanoic acid, tr if luoroacetate; 

ethyl 3- [ [ [ [ 1- [ 4- (aminoiminomethyl) phenyl] - 

2 - oxo- 3 -pyrrol idinyl ] amino] carbonyl] - 
amino ] propionate tr if luoroacetate . 
Enantiomerically Enriched Isomer A; 

3- [ [ [ [l-[ 4- (aminoiminomethyl) phenyl ]- 
2 -oxo-3 -pyrrol idinyl ] amino ] carbonyl ] - 
amino] propanoic acid trif luoroacetate. 

Enantiomerically Enriched Isomer A; 



ethyl 3- [ [ [ [ 1- 1 4 (aminoiminomethyl) phenyl ] - 
2 -oxo- 3 -pyrrol idinyl ] amino ] carbonyl ] - 
amino] propionate trif luoroacetate. 
Enantiomerically Enriched Isomer B; 



3-[ [[ [ l-[ 4- (aminoiminomethyl) phenyl ] - 
2-oxo-3-pyrrolidinyl ] amino] carbonyl ] - 
amino] propanoic acid trif luoroacetate. 



ethyl 3(R)-[ [ [ [l-[ 4- ( aminoiminomethyl )ph nyl]- 
2 - xo- 3 -pyrr o 1 id iny 1 ] amino ] car bony 1 ] amino ] - 
but anoa t e trif luoroacetate • 
Enantiomerically Enriched Isomer B; 
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3 (R) - [ [ [ [ 1- [4- ( amino imin methyl) phenyl] -2- 
xo-3-pyrr lidinyljamin ]carb nyljamino]- 
butanoic acid trif luoroacetate. 



ethyl 3 (S) - [ [ [ [ 1- [ 4- (aminoiminomethyl ) phenyl ] 
2 -oxo-3 -pyrrol idinyl] amino] carbonyl] amino] - 
benzenepropanoate trif luoroacetate . 
Enantiomerically Enriched Isomer B; 

3 [S) "[ [ I [l-[ 4- (aminoiminomethyl) phenyl] -2- 
oxo-3 -pyrrol idinyl ] amino] carbonyl ] amino] - 
benzenepropanoic acid trif luoroacetate. 
Enantiomerically Enriched Isomer B; 

ethyl 3-[ [ [ [ l-[ 4- (aminoiminomethyl) phenyl ] - 
2 -oxo-3 -pyrrol idinyl ] amino] carbonyl ] amino] - 
2 (S) -[ [ (phenylmethoxy) carbonyl] amino ]- 
pr opanoate trif luoroacetate . 
Enantiomerically Enriched Isomer B; 



and 



3 ~[ [ [ [l-[ 4- (aminoiminomethyl) phenyl] -2 - 
oxo-3 -pyrrol idinyl ] amino] carbonyl] amino] - 
2 (S) -[ [ (phenylmethoxy) carbonyl ] amino] - 
propanoic acid trif luoroacetate. 
Enantiomerically Enriched Isomer B. 

13. A compound according to claim 1 wherein n is an 
integer from 1 to 4 and p is 0. 

14 • A compound according bo olaira 13 wherein m is 2 • 

15. A c mp und according to claim 14 selected from the 
group consisting of 
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1- [ 4- (aminoiminomethyl) phenyl ] -3S-methyl-2-oxo- 
3 -pyrrol idinehexanoic acid, monohydrochloride; 

and 

ethyl 1- [4- (aminoiminomethyl) phenyl] -3S-methyl-2- 
oxo- 3 -pyrrol idinehexanoa te , tr i f luor oacet at e . 

16. A pharmaceutical composition comprising a 

therapeutically effective amount of compound of 
the formula 




or a pharmaceutical ly acceptable salt thereof 
wherein 

Z] and Z 2 are independently selected from the group 
consisting of hydrido, alkyl of 1 to 6 carbon 
atoms, hydroxy, halo and alkoxy of 1 to 6 carbon 
atoms ; 

R, is selected from the group consisting of 
hydrogen, lover alkyl of 1 to 6 carbon atoms, 
lower alkenyl of 2 to 6 carbon atoms, lower 
alkynyl of 2 to 6 carbon atoms, 
alkyloxycarbonyloxyalkyl, cycloalkyl of 3 to 6 

Ccul LtC/ii cttGIuo a ii vl ojTyl wptlOItally ouijotltuteu jjy 

hydroxy, lower alkoxy of 1 to 6 carbon at ms, 
lower alkyl of 1 to 6 carbon atoms, halo, nitro, 
amino, acyloxy, phenyl or naphthyl; 
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is sel cted fr m the group consisting of 
hydrogen, lower alkyl of 1 to 6 carbon atoms, 
lover alkenyl of 2 to 6 carbon atoms, low r 
alkynyl of 2 to 6 carbon atoms, cycloalkyl, aryl, 
monocyclic, bicyclic, or tricyclic heterocyclyl 
radicals in which 1 to 3 heteroatoms are 
independently selected from oxygen, nitrogen, or 
sulfur, wherein said radicals are optionally 
substituted by one or more radical selected from 
the group consisting of hydroxy, lower alkoxy of 1 
to 6 carbon atoms, lower alkyl of 1 to 6 carbon 
atoms, halo, nitro, cyano, azido, ureido, 
ureylene, carboxyl, carbonyl derivatives, 
trif luoromethyl, acyloxy, alkylthio, arylthio, 
alkylsulf inyl, arylsulf inyl, alkylsulfonyl, 
arylsulfonyl, amino, alkyl ami no, trialkylsilyl, 
aminosulf ony 1 , dialky lamino , alkanoy lamino , 
aroylamino, phenyl and naphthyl; 

R 3 is selected from the group consisting of 
hydrogen, alkyl of 1 to 6 carbon atoms, alkoxy of 
1 to 6 carbon atoms, halo, amino, monoa Iky lamino, 
dialky lamino , acy lamino , alky Isulf ony lamino , 
arylsulf ony lamino, hydroxy 1, alkoxy carbonyl and 
alkoxycarbony lalkyl ; 

X is selected from the group consisting of 




m is an integer from 1 to 4; 



n is an inteaer from 0 to 4 • »nrJ 



p is 0 or 1 wherein n and p are not both 0. 
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17. A pharmaceutical composition according to claim 16 
wherein th compound is s 1 cted from the group 
c nsisting f 

V 

ethyl 3 (S) -[ [ [l-[4- (aminoiminomethyl) phenyl] -2-oxo-3- 
pyrrolidiny 1 ] acetyl ] amino] -4-pentenoate ; 

3(S)-[[[l-[4-( aminoiminomethyl ) phenyl ] -2 -oxo-3 - 
pyrrol idinyl ] acetyl ] amino] -4-pentenoic 
acid , monohydrochlor ide ; 

ethyl 3 (S) -[ [ [l-[4- (aminoiminomethyl) phenyl ] -2-oxo-3- 
pyrrol idinyl] acetyl] amino] -4-pentenoate , 
enantiomerically enriched isomer A; 

3 (S) -[ [ [ l-[ 4- (aminoiminomethyl) phenyl ] -2 -oxo-3 - 
pyrrolidinyl ] acetyl ] amino] -4-pentenoic acid , 
monohy dr och 1 or id e enan t i omer i ca 1 ly 
enriched isomer A; 

ethyl 3 (S)-[ [ [ l-[ 4- ( aminoiminomethyl) phenyl] -2 -oxo- 
3 -pyrrol idinyl ] acetyl ] amino] -4-pentenoate , 
enantiomerically enriched isomer B; 

3 (S) - [ [ [1- [4- (aminoiminomethyl) phenyl] -2 -oxo-3 - 
pyrrol idinyl ] acetyl ] amino ] -4-pentenoic acid , 
enantiomerically enriched isomer B; 

ethyl 3-[ [ [l-[4-(aminoiminomethyl)phenyl]-2- 
oxo- 3 -pyrrol idinyl ] acetyl ] amino] propionate ; 

3-[ [ [1- [4- (aminoiminomethyl) phenyl] -2-OXO-3- 

T>\rr-rnl i ri 1 nvl 1 arotvl 1 ami nnlnrnni nn i n an \ H • 

C 4 «• — w ~ — .* — 4 A ~« I 

thyl 3-[ [ [ l-[ 4- (aminoiminomethyl) phenyl] -2- 
oxo-3 -pyrrol id iny 1 ] acetyl ] amino ] butanoate ; 
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3-[ [ [l-[ 4- (aminoiminomethyl) ph nyl]-2-oxo-3- 
pyrrolidinyl] acetyl] amino] butanoic acid; 

ethvi 3-r r r 1^4- f aminoiminomethyl) phenyl] -2- 

— ^ — - W * » » ~ 

oxo-3 -pyrrol idinyl ] acetyl ] amino] - 
3-phenylpropionate; 

3- [ [ [ 1- [ 4- (aminoiminomethyl) phenyl] -2 -oxo-3- 
pyrrolidinyl ] acetyl ] amino] -3- 
pheny lpropionic acid; 

ethyl 3 (S) - [ [ [ 1- [ 4- (aminoiminomethyl) phenyl] -2- 
oxo-3 -pyrrolidinyl] acetyl] amino] -4 -pentynoate; 

3(S)-[[[l-[4-( aminoiminomethyl ) phenyl ] -2 -oxo-3 - 
pyrrolidiny 1 ] acetyl ] amino ] -4 -pentynoic acid ; 

3-[ [ [l-[4-(aminoiminomethyl)phenyl]-2-oxo-3- 
pyrrolidiny 1 ] acetyl ] amino ] -N- [ ( pheny lmethoxy) - 
carbony 1 ] -L-alanine , ethyl ester; 

3-[ t [l-[ 4- (aminoiminomethyl) phenyl] -2- 
oxo-3 -pyrrolidiny 1 ] acetyl ] amino ] -N- 
[ (pheny lmethoxy ) carbonyl ] -L-alanine ; 

ethyl 3- [ [ [ 1- [ 4- (aminoiminomethyl) phenyl ] -2- 
oxo-3 -pyrrolidiny 1 ] acetyl ] amino ] propanoate , 
trif luoroacetate , enantiomerically 

enriched isomer B; 

3-[ [ [l-[4-(aminoiminomethyl)phenyl]-2-oxo-3- 
pyrrolidiny 1 ] acetyl ] amino] propanoic acid , 



if lucrc^c£t?.t? , ^n*ntio?*^ric* lly 
enriched isomer B; 
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ethyl 3(S)-[[[[l-(4-(aminoimin me thy 1) phenyl] -2- 
oxo-3 -pyrrol idinyl ] amino] car bony 1 ] amino] - 

4-pentenoate; 

3 (S)-[ [ [ [l-[ 4- (aminoiminomethyl) phenyl ] -2 -oxo-3 - 
pyrrolidiny 1 ] amino ] carbonyl ] amino ] -4 -pentenoic acid ; 

ethyl 3-[ [ [ [ l-[ 4- (aminoiminomethyl) phenyl ] -2 -oxo-3 - 
pyrrolidiny 1 ] amino ] carbonyl ] amino ] propanoate , 

tr if luoroaceta te ; 

3-[[[[l-[4~( aminoiminomethyl ) phenyl ] -2 -oxo-3 - 
pyrrolidiny 1 ] amino] carbonyl ] amino ] propanoic 

acid , tr if luoroacetate . 

1- [ 4- (aminoiminomethyl) phenyl ] -0S-methy 1-2 -oxo- 
3-pyrrolidinehexanoic acid, monohydrochloride; 

ethyl l-[4-(aminoiminomethyl)phenyl]-/3s-methyl-2- 
oxo- 3 -py rr o 1 id inehexanoat e , tr i f luoroacetate ; 

ethyl 3 (S) -[ [ [l-( 4- (aminoiminomethyl) phenyl] -2- 
oxo-3 -piper idinyl ] acetyl ] amino ] -5- 
(trimethylsilyl) -4-pentynoate; 

3(S)-[[[l-[4-( aminoiminomethyl ) phenyl ] -2 - 
oxo-3 -piper idinyl ] acetyl ] amino ] -5- 
(trimethylsilyl)-4-pentynoic acid; 

ethyl 3 (S) - [ [ [ 1- [ 4- (aminoiminomethyl) phenyl] -2-oxo- 
3 -piper idinyl] acetyl] amino] -4-pentynoate; 

o _ r r r n r j_ / \ «»u, 1 ^ _ «\ _ *i _ 
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piperidinyl] acetyl ]amin ]-4-pentynoic acid; 

ethyl 3-[ [ [l-[4-(amin iminomethyl) phenyl] -2 -oxo- 
3 -piperidinyl ] acetyl ] amino ] -6 , 6- 
dimethy 1-4-heptynoate ; 
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3-[ [ [l-[4-(aminoiminomethyl)phenyl]-2-oxo-3- 
piperidinyl ] acetyl ] amino ) -6 , 6- 
dimethyl-4-heptynoic acid; 

ethyl 3-[ [ [l-[ 4- (aminoiminomethyl) phenyl ]-2-oxo- 
3-piperidinyl ] acetyl ] amino] -5-pheny 1-4 -pentynoate ; 

3- [ [ [1- [4- (aminoiminomethyl) phenyl) -2-oxo-3- 
piperidinyl ] acetyl ] amino] -5- 
phenyl-4-pentynoic acid; 

ethyl 3-[ [[1- [4- (aminoiminomethyl) phenyl ]-2-oxo- 
3 -piper idinyl ] acetyl ] amino ] -butanoate ; 

3-[ [ [l-[4-(aminoiminomethyl)phenyl]-2-oxo-3- 
piper idiny 1 ] acetyl ] amino ] butanoic acid ; 

ethyl 3-[ [ 4- (aminoiminomethyl) phenyl ]-2-oxo- 
3 -piper idiny 1 ] acetyl ] amino] -3-phenylpropanoate ; 

9 * *, f 

3-[ [ [1- [4- (aminoiminomethyl) phenyl] -2-OXO-3- 
piperidinyl] acetyl ] amino] -3-phenylpropanoic acid; 

ethyl 3 (S)-t [ [ l-[ 4- (aminoiminomethyl) phenyl] -2 -oxo- 
3 -piper idiny 1 ] acetyl ] amino] -4-pentenoate ; 

3 ( s )"[ C [l-[4-(aminoiminomethyl)phenyl]-2-oxo-3- 
piper idiny 1 ] acetyl ] amino ] -4 -pentenoic acid ; 

ethyl 3-[ [ [1- [4- (aminoiminomethyl) phenyl ]- 

2- oxo-3 -piper idiny 1 ] acetyl ] amino ] propanoate ; 

I L L 1" I *~ (aminoiminomethyl) phenyl j -2-oxo- 
3 -piper idiny 1 ] acetyl ] amino ] propanoic acid ; 

3- [ [ [l-[4-(amin iminomethyl) phenyl] -2- xo-3- 
piper idiny 1 ] acetyl ] amino ] - 3 - ( 3-thienyl ) - 
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propanoic acid; 

thyl 3 (S)-[ [ [l-[ 4- (amino iminomethyl) phenyl] - 
2 -oxo-3 -piper idinyl ] acetyl ] amino] -3- 
( 3 -f urany 1 ) propanoate ; 

3 ( S ) - [ [ [ 1- [ 4 -aminoiminomethy 1 ) phenyl ] - 
2-oxo-3-piperidinyl ] acetyl ] amino] -3 - 
( 3 -f urany 1) propanoic acid; 

ethyl 3-[[[l-[4-( aminoiminomethy 1 ) phenyl ] - 
2 -oxo-3 -piper idinyl ] acetyl ] amino ] -3 - 
( 2 -f urany 1) propanoate ; 

3 "C [ [l-[4-(aminoiminomethyl)phenyl]2- 
oxo-3 -piper idinyl ] acetyl ] amino ] -3 - 
( 2 -f urany 1] propanoic acid; 



ethyl 3-[ [ [l-[ 4- (amino iminomethyl) phenyl ]- 
2 -oxo-3 -piper idinyl ] acetyl ] amino ] -3 - 
( 4 -methoxypheny 1 ) propanoate : 

3-[ [ [l-[4-(aminoiminomethyl]phenyl]-2- 
oxo-3 -piper idinyl ] acetyl ] amino ] - 3 - 
( 4 -methoxypheny 1) propanoic acid; 

3 ( s ) " C [ 1 1" [ 4- (amino iminomethyl) phenyl ] -2- 
oxo-3 -piper idinyl ] acetyl ] amino ] -4 -pentenoic ; 



ethyl 3 (S)-[[[-[4-( aminoiminomethy 1 ) phenyl ] 
2 -oxo-3 -piper idinyl ] acetyl ] amino ] - 
4-pentenoate, isomer B; 

3 (S) - [ [ [ 1- [ 4- ( aminoiminom thyl ) phenyl ] - 
2-oxo-3-piperidinyl] acetyl] amino] 4- 
pentenoic, isomer B; 
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ethyl 3(S)-[[[l-[4-(aminoimin methyl) phenyl ]- 
2 -oxo-3 -piper idinyl ] acetyl ] amino ] -4 - 
p ntynoat , isomer B; 

3(S)-[[[l-[4-( aminoiminomethy 1 ) phenyl ] - 
2 -oxo- 3 -piper idinyl ] acetyl ] amino-4 - 
pentynoic acid, isomer B; 

ethyl 3 (S) - [ [ [ 1- 1 4- ( aminoiminomethy 1) phenyl ] - 
2 -oxo-3 -piper idinyl ] acetyl ] amino ) butyrate ; 

3S-[ [ [1- [4- ( aminoiminomethy 1) phenyl ]-2-oxo-3- 
piper idinyl ] acetyl ] amino ] butyric acid ; 

ethyl 3S- [ [ [ 1-4- ( aminoiminomethy 1) phenyl ] - 
2 -oxo-3 -piper idinyl ] acetyl ] amino ] -3 - 

phenyl-propionate ; 

3S " C t [ l* [ ( aminoiminomethyl ) phenyl ] - 
2 -oxo-3 -piper idinyl ] acetyl] amino] -3- 
phenyl-propionic acid; 

ethyl 3 - [ [ [ [ 1- [ 4 - ( aminoiminomethyl ) phenyl ] - 
2 -oxo-3 -pyrrolidiny 1 ] amino ] car bony 1 ] - 
amino] propionate trif luoroacetate . 
Enantiomerically Enriched Isomer A; 

3 "[ [ [ [l-[ 4- (aminoiminomethyl) phenyl ]- 
2 -oxo-3 -pyrrolidiny 1 ] amino ] carbonyl ] - 
amino] propanoic acid trif luoroacetate. 
Enantiomerically Enriched Isomer A; 

A^kiri i_f r r n _rii / i _»4 \ -*w__«»i i _ 

2 -oxo- 3 -pyrrolidiny 1 ] amino ] carbonyl ] - 
amino] propionate triflu roacetate. 
Enantiomerically Enriched Isomer B; 
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3 ~[ [ t [l-[4-(aminoimin methyl) phenyl ]- 
2 -oxo-3 -pyrrol idinyl] amino Jcarb nyl] - 
amino] propanoic acid trif luoroacetate. 

Enantiomericallv Enriched Isomer B; 

■* ■ * • 

ethyl 3 (R) - [ [ [ [l-[ 4- (aminoiminomethy 1) phenyl ] - 
2 -oxo-3 -pyrrolidinyl ] amino] carbonyl ] amino ] - 
butanoate trif luoroacetate . 
Enantiomerically Enriched Isomer B; 

3 (R) - [ [ [ [ 1- [ 4 - ( aminoiminomethy 1 ) phenyl ] -2 - 
oxo-3-pyrrolidinyl ] amino] carbonyl ] amino] - 
butanoic acid trif luoroacetate. 
Enantiomerically Enriched Isomer B; 

ethyl 3 (S)-[ [ [ [ l-[ 4- ( aminoiminomethy 1) phenyl] - 
2 -oxo-3 -pyrrolidinyl ] amino] carbonyl ] amino] - 
benzenepropanoate trif luoroacetate . 
Enantiomerically Enriched Isomer B; 

-■ <- ,* ■** 

3 f s )~[[[[l-[4-( aminoiminomethy 1 ) phenyl ] -2 - 
oxo-3 -pyrrolidinyl ] amino ] carbonyl ] amino] - 
benzenepropanoic acid trif luoroacetate. 
Enantiomerically Enriched Isomer B; 

ethyl 3-[ [ [ [l- [4- ( aminoiminomethy 1) phenyl ] - 
2 -oxo-3 -pyrrol idinyl] amino] carbonyl ] amino] - 
2 (S) -[ [ (phenylmethoxy) carbonyl] amino ]- 
propanoate trif luoroacetate. 
Enantiomerically Enriched Isomer B; 

and 

3 "t [ t [l-[4-(amin iminomethyl ) phenyl] -2 - 
oxo-3 -pyrrolidinyl ] amin ] carbonyl] amino] - 
2 (S)-[ [ (ph nylmethoxy) carbonyl] amino ]- 
propanoic acid trif luoroacetate. 
Enantiomerically Enriched Is mer B. 
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18. A method of treating a mammal to inhibit platelet 
aggregation comprising administering a 
therap utically effective amount of a compound of 
the formula 



0 




or a pharmaceutical^ acceptable salt thereof 
wherein 

Z, and Z 3 are independently selected from the group 
consisting of hydrido, alkyl of 1 to 6 carbon 
atoms, hydroxy, halo and alkoxy of 1 to 6 carbon 
atoms ; 

* s, 

R, is selected from the group consisting of 
hydrogen, lover alkyl of 1 to 6 carbon atoms, 
lower alkenyl of 2 to 6 carbon atoms, lower 
alkynyl of 2 to 6 carbon atoms, 
alkyloxycarbonyloxyalkyl, cycloalkyl of 3 to 6 
carbon atoms and aryl optionally substituted by 
hydroxy, lower alkoxy of 1 to 6 carbon atoms, 
lower alkyl of 1 to 6 carbon atoms, halo, nitro, 
amino, acyloxy, phenyl or naphthyl; 

Rj is selected from the group consisting of 
hydrogen, lower alkyl of 1 to 6 carbon atoms, 

lower alkenvl of 2 to 6 carbon atoms, lower 

alkynyl of 2 to 6 carb n atoms, cycloalkyl, aryl, 
monocyclic, bicyclic, or tricyclic h t rocyclyl 
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radicals in which 1 to 3 heteroatoms are 
independ ntly selected fr m xygen, nitrogen, or 
sulfur, wherein said radicals are optionally 
substituted by one or more radical selected from 
the group consisting of hydroxy, lower alkoxy of 1 
to 6 carbon atoms, lower alkyl of 1 to 6 carbon 
atoms, halo, nitro, cyano, azido, ureido, 
ureylene, carboxyl, carbonyl derivatives, 
trif luoromethyl, acyloxy, alkylthio, arylthio, 
alkylsulfinyl, arylsulf inyl, alkylsulfonyl, 
arylsulfonyl, amino, alkylamino, trialkylsilyl, 
aminosulfonyl, dialkylamino, alkanoylamino, 
aroylamino, phenyl and naphthyl; 

Rj is selected from the group consisting of 
hydrogen, alkyl of l to 6 carbon atoms, alkoxy of 
1 to 6 carbon atoms, halo, amino, monoalkylamino, 
dialkylamino, acylamino, alkylsulfonylamino, 
arylsulf onylamino, hydroxyl, alkoxycarbonyl and 
alkoxycarbonylalkyl ; 

X is selected from the group consisting of 

JL JL 

NH— and — NH NH— ; 

m is an integer from 1 to 4; 

n is an integer from 0 to 4; and 

p is 0 or 1 wherein n and p are not both 0. 

19. A method according to claim 18 wherein the 

compound is selected from the group consisting of 

ethyl 3(S)-[[[l-[4-(aminoimin methyl)phenyl]-2-oxo-3- 
pyrrolidinyl] acetyl] amino ] -4-pentenoate; 
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3 (S) - [ [ [ 1- [ 4- (aminoiminomethyl) phenyl ] -2 -oxo-3 - 
pyrrolidinyljac tyl]amino]-4-p ntenoic 
acid, monohydrochlorid ; 

ethyl 3 (S) -[ [ [l-[ 4- (aminoiminomethyl) phenyl ]-2-oxo-3 
pyrrol idinyl ] acetyl ] amino] -4-pentenoate , 
enantiomerically enriched isomer A; 

3(S)-[[[l-[4- (aminoiminomethyl) phenyl ] -2 -oxo-3 - 
pyrrolidiny 1 ] acetyl ] amino ] -4-pentenoic acid , 
monohydrochloride enantiomerically 
enriched isomer A; 

ethyl 3 (S) -[ [ [l-[4- (aminoiminomethyl) phenyl] -2-oxo- 
3 -pyrrol idinyl ] acetyl ] amino) -4-pentenoate , 
enantiomerically enriched isomer B; 

3(S)-[[[l-[4-( aminoiminomethyl ) phenyl ] -2 -oxo-3 - 
pyrrol idinyl ] acetyl ] amino] -4-pentenoic acid, 
enantiomerically enriched isomer B; 

ethyl 3-[ [ [l-[ 4- (aminoiminomethyl) phenyl] -2- 
oxo- 3 -pyrrol idinyl ] acetyl ] amino ] propionate ; 

3- [ [ [ l- [ 4- (aminoiminomethyl) phenyl] -2 -oxo-3 - 
pyrrol idinyl] acetyl] amino] propionic acid; 

ethyl 3-[[ [l-[ 4- (amino iminomethyl) phenyl] -2- 
oxo-3-pyrrolidinyl ) acetyl ] amino] but anoate ; 

3- [ [ [ 1- [ 4- (aminoiminomethyl) phenyl] -2 -oxo-3 - 
pyrrol idinyl ] acetyl ) amino ] butanoic acid ; 

thyl 3-[ [ [l-[ 4- (aminoiminomethyl) phenyl] -2- 
oxo-3-pyrrolidinyl]ac tyl ] amino] - 
3-phenylpropi nate; 
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3"[ [ [l-[ 4- ( aminoiminomethy l)phenyl]-2-oxo-3- 
pyrrolidinyl]ac tyl]amino]-3- 
ph nylpropionic acid; 

ethyl 3(S)-[[[l-[4-(aminoiminomethyl)phenyl]-2- 
oxo-3 -pyrrolidinyl ] acetyl ] amino ] -4 -pentynoate ; 

3 ( s )-[ [ [l-[ 4- (aminoiminomethyl) phenyl] -2-oxo-3- 
pyrrol idiny 1 ] acetyl ] amino ] -4 -pentynoic acid ; 

3 ~[ [ [1- £4- (aminoiminomethyl) phenyl] -2 -oxo-3 - 
pyrrolidinyl] acetyl ] amino] -N-[ (phenylmethoxy) - 
carbonyl]-L-alanine, ethyl ester; 

3— [ [ [l— [4— ( aminoiminomethy 1 ) phenyl ] -2 - 
oxo-3-pyrrolidinyl] acetyl ] amino] -N- 
[ (phenylmethoxy) carbonyl ] -L-alanine ; 

ethyl 3-[ [ [l-[ 4- (aminoiminomethyl) phenyl] -2- 
oxo- 3 -pyrrolidinyl ] acetyl ] amino] propanoate, 
trif luoroacetate , enantiomer ically 

enriched isomer B; 

3- [[ [l-[4- (aminoiminomethyl) phenyl] -2-oxo-3- 
pyrrolidiny 1 ] acetyl ] amino] propanoic acid , 
trif luoroacetate, enantiomer ically 

enriched isomer B; 

3 (S) -[ [ [ [ l-[ 4- (aminoiminomethyl) phenyl ]-2-oxo- 3- 
pyrr olidiny 1 ] amino] carbonyl ] amino] -4-pentenoic acid ; 

ethyl 3(S)-[[[[l-[4-( aminoiminomethy 1 ) phenyl ] -2 - 
oxo-3-pyrrolidinyl] amino] carbonyl] amino] - 

4 -pent en ate; 

ethyl 3-[ [ [ [l-[4-(aminoiminomethyl)phenyl]-2-oxo-3- 
pyrrol idiny 1 ] amino ] carbonyl ] amino ] propanoate , 

trif luoroacetate ; 
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3 ~[ C [ [ l-[ 4- (aminoiminomethyl) phenyl] -2 -oxo-3 - 
pyrrolidinyl] amino ]carbonyl] amino] propanoic 

acid , trif luoroacetate . 

1- [ 4- (aminoiminomethyl) phenyl J -0S-methyl-2-oxo- 

3-pyrrolidinehexanoic acid, monohydrochlor ide ; ) 

ethyl 1- [ 4 - (aminoiminomethyl) phenyl ] -0S-methyl-2- 
oxo-3 -pyrrolidinehexanoate, trif luoroacetate; 

ethyl 3 (S) - [ [ [ l-[4- (aminoiminomethyl) phenyl] -2 - 
oxo-3 -piper idinyl] acetyl ] amino] -5- 
(trimethylsilyl) -4-pentynoate; 

3(S)-[[[l-[4-( aminoiminomethyl ) phenyl ] -2 - 
oxo-3 -piper idinyl ] acetyl ] amino] -5- 
(trimethylsilyl)-4-pentynoic acid; 



ethyl 3 (S) - ( [ [ l- [ 4- (aminoiminomethyl) phenyl ] -2-oxo- 
3 -piper idinyl ] acetyl ] amino ] -4-pentynoate ; 

3 "[ [ [1- [4- (aminoiminomethyl) phenyl ]-2-oxo-3- 
piper idinyl ] acetyl ] amino ] -4 -pentynoic acid ; 

ethyl 3-[ [ [ l-[ 4- (aminoiminomethyl) phenyl ]-2-oxo- 
3 -piper idinyl ] acetyl ] amino ) -6 , 6- 
dimathyl-4-heptynoate ; 

3-[ [ [l-[ 4- (aminoiminomethyl) phenyl] -2-0x0-3- 
piper idinyl ] acetyl ] amino] -6 , 6- 
> dimethyl-4-heptynoic acid; 

ethyl 3— [ [ [l-[4«(i»lBinoiTn^rinmftthyl}phenyl]-2— oxo- 

3-piperidiny 1 ] acetyl ] amino] -5-phenyl-4-pentynoate ; 
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3-[ t [l-[4-(aminoimin methyl) phenyl] -2 -oxo-3- 
piperidinyl ] acetyl ] amino] -5* 
phenyl-4-p ntynoic acid; 

ethyl 3-[ [ [l-[ 4- (amino iminomethyl) phenyl] -2 -oxo- 
3 -piperidinyl ] acetyl ] amino ] -butanoate ; 

3— [ [ [ 1— [ 4— ( amino iminomethyl ) phenyl ] -2 -oxo-3 - 
piperidinyl ] acetyl ] amino ] butanoic acid ; 

ethyl 3-[ [ [l-[ 4- (aminoiminomethyl) phenyl] -2-oxo- 
3 -piperidinyl ] acetyl ] amino ] - 3 -pheny lpropanoate ; 

3-[ [ [ l-[ 4- (aminoiminomethyl) phenyl ]-2-oxo-3- 
piperidiny 1 ] acetyl ] amino ] -3 -pheny lpropanoic acid ; 

ethyl 3 (S)-[ [ [l-[4-(aminoiminomethyl)phenyl]-2-oxo- 
3 -piperidinyl ] acetyl ] amino ] -4 -pentenoate ; 
ethyl 3 - [ [ [ 1- [ 4 - ( aminoiminomethyl ) phenyl ] - 
2 -oxo- 3 -piperidinyl ] acetyl ] amino ] pr opanoa t e ; 

3(S)-[[[l-[4-( aminoiminomethyl ) phenyl ] -2-oxo-3 - 
piperidinyl ] acetyl ] amino ] -4 -pentenoic acid ; 

3-[ t [1- [4- (aminoiminomethyl) phenyl] -2 -oxo- 
3 -piperidinyl ] acetyl ] amino ] propanoic acid ; 

3~ [ [ t 1" [ 4- (aminoiminomethyl) phenyl] -2-oxo-3- 
piper idiny 1 ] acetyl ] amino ] -3 - ( 3 -thieny 1 ) - 

propanoic acid; 

ethyl 3(S)-[[[l-[4-( aminoiminomethyl ) phenyl ] - 
2 -oxo-3 -piper idiny 1 ] acetyl ] amino ] -3 - 
( 3 -f urany 1 ) propanoate ; 

t - 

3 (S)-[ [ [l-[4-aminoiminomethyl)ph nyl]- 
2 -oxo- 3 -piperidinyl ] acetyl ] amino ] -3 - 
(3-furanyl)pr panoic acid; 
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ethyl 3-[ [ [ l-[ 4- (amino iminomethyl) phenyl ] - 

2 - oxo-3 -piper idinyl ] acetyl ] amino] -3- 

(2-furanyl) propanoate ; 

3- [ [ [l-[4-(aminoiminomethyl)phenyl]2- 
oxo-3 -piper idinyl] acetyl ] amino] -3- 

( 2 -furanyl] propanoic acid; 



ethyl 3-[[[l-[4-( aminoiminomethy 1 ) phenyl ] - 
2-oxo-3-piper idinyl] acetyl] amino] -3- 
( 4 -methoxypheny 1 ) propanoate : 

? 

3-C [ (amino iminomethy 1] phenyl] -2- 

oxo-3 -piper idinyl ] acetyl ] amino ] -3 - 
( 4 -methoxypheny 1) propanoic acid; 



3 ( s ) •[ [ [l-[4-(aminoiminomethyl)phenyl]-2- 
oxo- 3 -piper idinyl] acetyl] amino] -4 -pent enoic; 

ethyl 3(S)-[[[-[4-( aminoiminomethy 1 ) phenyl ] - 
2 -oxo- 3 -piper idinyl ] acetyl ] amino] - 
4-pentenoate, isomer B; 

3 (S)-[ [ [ l-[ 4- ( aminoiminomethy 1) phenyl ] - 
2 -oxo-3 -piper idinyl] acetyl] amino] 4- 
pentenoic, isomer B; 



ethyl 3 (S) -[ [ [ l-[ 4- ( aminoiminomethy 1) phenyl] - 
2 -oxo- 3 -piper idinyl] acetyl ] amino] -4- 
pentynoate, isomer B; 

3 (S)-[ [ [ l-[ 4- (amino iminomethy 1) phenyl ]- 
2-oxo-3-piperidinyl ] acetyl 1 amino-4- 
pentyn ic acid, isomer B; 



f 
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ethyl 3 (S) -[ [ [1- [4- (aminoiminomethyl) phenyl ]- 
2- xo-3 -piper idinyl ] acetyl ] amino ] butyr at e ; 

3S- [ [ [ 1- [ 4- (aminoiminomethyl } phenyl ] -2-cxc-3- 
piper idinyl ] acetyl ] amino ] butyric acid ; 



ethyl 3S- [ [ [ 1-4- (aminoiminomethyl) phenyl] - 
2 -oxo- 3 -piper idinyl ] acetyl ] amino] -3- 

pheny 1 -propionate ; 

3S ~[ [ [l-[4-(aminoiminomethyl)phenyl]- 
2-oxo-3-piperidinyl]acetyl]amino]-3- 
phenyl-propionic acid; 

ethyl 3-[ [ [ [l- [4- (aminoiminomethyl) phenyl ]- 

2 - oxo-3 -pyrrolidiny 1 ] amino ] carbony 1 ] - 

tr if luoroacetate . 

Enantiomerically Enriched Isomer A; 

3- [[[[l-[4-( aminoiminomethyl ) phenyl ] - 
2 -oxo-3 -pyrrolidiny 1 ] amino ] carbony 1 ] - 
amino] propanoic acid tr if luoroacetate. 

Enantiomerically Enriched Isomer A; 

ethyl 3-[[ [ [l-[ 4 (aminoiminomethyl) phenyl ]- 
2 -oxo-3 -pyrrolidiny 1 ] amino ] carbony 1 ] - 
amino ] propionate tr if luoroacetate . 
Enantiomerically Enriched Isomer B; 

3 " [ t [ [ 1- [ 4- (aminoiminomethyl) phenyl ] - 
2 -oxo-3 -pyrrolidiny 1 ) amino ] carbony 1 ] - 
amino] propanoic acid trif luoroacetate . 
Enantiomerically Enriched isomer b; 

ethyl 3(R)-[[[[l-[4-(amin iminomethyl) phenyl] 
2 -oxo-3 -pyrrolidiny l]amin ] carbonyl] amino ]- 
butanoate trifluor acetate. 
Enantiomerically Enriched Isomer B; 



